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PREFACE. 



Amongst the rarious braDches of science studied id out 
academies aod places of public educatioo, there are few of 
greater importaoce thao that of the Use of the Globes. Tho 
earth is our destioed habitatioo, aod the heayeolj bodies mea- 
sure our dajs and years by their various revolutions. With- 
out some acquaintance with the different tracts of land, the 
oceans, seas, &c. on the surfaces of the terrestrial globe, no in- 
tercourse could be carried on with the inhabitants of distant re- 
gions, and consequently, their manners, customs, &c. would be 
totally unknown to us. Though the different tracts of land, &c« 
cannot be so minutely described on the surface of a terrestrial 
globe as on different maps ; yet the globe shows tlie figure of 
the earth, and the relative situations of the principal places oa 
its surface, more correctly than a map. Had the ancients paid 
no attention to the motions of the heavenly bodies, historical 
facts would have been given, without dates,* and we should 
have neither dials, clocks, nor watches. To the celestial ob- 
servations of Eudoxus, Hipparchus, droi we are indebted for 
the knowledge of the precession of the equinoxes. Without 
some acquaintance with tbe celestial bodies, our ideas of the 
power and wisdom of tbe Creator would be greatly circUm- 
scribed and confined. The learned and pious Dr. Watts ob- 
serves, '' What wonders of wisdom are seen in the exact regu- 
larity of the revolutions of the heavenly bodies ! Nor was 
there ever any thing that has contributed to enlarge my ap- 
prehensions of the immense power of God, the magnificence of 
his creation, and his own transcendent grandeur, so much as the 
little portion of astronomy which I have beeu able to attain. 
And I would not only recommend it to young students, for the 
same purposes, but I would persuade all mankind, if it were 
possible, to gain some degree of acquaintance with the vast- 
ness, the distances, and the motions of the planetary world% 
on the same account '^ 

Dr. Touog in his Night Thoughts says, 

*' An undevout Astronomer is anad." 

There is scarcely a writer on tbe different branches of edu- 
cation who has not expressly recommended the study of the 
Globes. Milton observes, that '' £re half the scbosi anlhon 
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be rei^d, it will be seasonable for youth to learn the me oftlie 
globes." Yet notwithst^pding the importance of the subject, it 
» entirely neglected ioour public schools ; and in many of 
our private academies, it has been frequently imperfectly 
taught ; probably: for want of a treatise sufficiently compre- 
hensiye in its object, and illustrated by a suitable number of 
examples. 

There are several treatises on the globes eitant, but they 
have been chiefly written by mathematical instrument makers,* 
or by teachers unacquainted with mathematics. The works 
of the former must be defective for want of practice in the 
art of teaching; and many of the productions of the latter are 
too puerHe and trifling to be introduced into a respectable aca- 
demy. Youth learn nothing effectually but by frequent repi- 
tition ; a multiplicity of examples, therefore, becomes absolute* 
ly necessary : but these examples should be so varied, and the 
mode of proposing the questions so diversified, as to give the 
scholar room for the exertion of his faculties, or otherwise no 
impression will remain on his mind. Treatises ou the gibbev 
are generally either without any practical exercises ; or the 
exercises so similar, that when the pupil has finished one of 
them, the rest may be performed without the trouble of think- 
ing. Examples of this kind may serve to pass the time away^ 
but they will never instruct the scholar^ 



* The addition of a: few wires, a semi-circle of brass, a particular 
kSod of tiour cirote, &c, which, is of no other use on the globe than to en- 
hance the price thereof, has generally been a sufficient inducement for 
the instrument maker to publish a treatise explanatory of the use of 
such addition. The more simply the globes are fitted up, and the less 
they are encumbered with useless wires, &c. the more easily they will be 
nnderstood by the generality of Ifearners. The most important part of 
a globe IS itn external surface : if the places on the terrestrial globe, and« 
the stars on the celestial, be accurately laid down and distinctly and 
clearly engraven, it is of little consequence of what materials the frame 
is madte. The best globes are those executed by Cary, and the new 
British globes by Bardin, the plates of all other globes have been in 
common use above half a century (see page 155.) The new British 
globes, manufactured under the direction of Messrs. W. & S. Jones, are 
particulariy recorameiAled by Mr. Tince, in ¥oh i. page 569 of his Com* 
plete System of ^ironomy, and were introduced into the Royal Ob- 
servatory by the late I>t*. Maskelyne. 

Cary^a Globes, and the New British Globes, may be purchased at tfie= 
shops of any oCthe principal Mathematical instrument makers in Lon- 
don. 

NOTICE.-i.Very neat and correct Globes have been reoentty made 
in this country, which may be had, upon reasonable terms, of the pub- 
lishers of this work, at their Book-stores in New-York and Ballimofe ; 
where the British Globes may also be obteined, of various sices, &0Di& 
to 21 inches. 

JKewYork, 1819w 
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fiad any mathematical writer of note furalihed the student 
urith a treatise on the globes^ the following work would proba- 
bly have never appeared ; but it rarely happens that the man 
of science, whose whole time is employed in abstruse research- 
es, will stoop to the humble task of accommodating himself to 
the capacity of a learner. To a man in the habit of content 
plating the writings of a Newton, or travelling in the dry and 
difficult paths of abstract knowledge, a treatise on the globes is 
a mere play-thing, a trifle not worth notice ; as at one glance 
he sees and comprehends every problem that can be perform- 
ed by them. Such a man would acquire no credit by writing 
a Treatise on the Globes ; for, notwithstanding the utility of 
the subject, its slflbplicity would leave no room for him to dis- 
play his abilities ; the task, therefore, necessarily devolves 
on writers of a more humble rank. 

The ensuing treatise has been formed ebtiiely from th« 
practice of Instruction, and is arranged in the following or- 
der. 

Part I. The contents of this part are enumerated in tha 
first page of the work. The definitions aie very extensive, 
and, it is hoped, sufficiently plain and clear. Where the name 
of any ancient author occurs, the time in which he flourished, 
and his country, are generally mentioned in a note; this prac- 
tice is followed throughout the book. The table of climates 
has been newly calculated, and the principle of calculation is 
^ven at full length. The first chapter likewise contains a ta- 
ble of the constellations, with a fabulous history of several of 
them ; the Greek alphabet, &c. If the definitions, geographical 
theorems. Sec. in this chapter be well explained by the tutor, it is 
presumed that the scholar will derive considerable advantage. 
The second chapter contains the general properties of matter, s^ 
the laws of motion, as preparatory to tlie reading of the third 
and fourth chapters ; which would otherwise be less intelligible. 
To the third Bod fourth chapters are added some useful notes, 
which ought to be attended to by those students who are ac- 
quainted with arithmetic. The Jifth chapter tre^tA oi springs^ ' 
rivers, and the saltiiess of the sea ; the sixth of the tides ; and 
the seventh of earthquakes, &c» with their ejTects and causes. 
The eigJU chapter contains, in a small compass, the principal 
theories of the earth. The subject of the ninth chapter Is the 
atmosphere, and of the tenths meteorology. From each of these 
chapters, it is hoped, the student will derive some useful in- 
formation. 

It has not been usual to introduce several of the aforesaid 
subjects into a Treatise on the Globes. An intelligent reader 
will, however, readily admit them to be less extraneous, equally 
entertaining, and more instructive than scraps of poetry, histojr- 
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IcftI auecdotes, 4cc« with which MMne of our Treatbes on the 
Olobet abouod. Poetical scraps seldom elucidate either math- 
emailcal or philosophical subjects, and generallj divert tb* 
altentioo of the student from the main object of his pursuit* 

Part II. This part comprehends the solar sjstem, and 
such other parts of astrooomj as are absolutely neceasarj to 
be clearljr understood by the young student, before he attempts 
to solve many of the problems in the succeeding parts of the 
book. The object in learning the Use of the Globes should be 
to illustrate some of the most important branches of geography 
and astrouoBiy ; and this object cannot be obtained by merely 
twirling the globe round and working a few problems, without 
understanding the principles on which their solutions are found- 
ed. Lessons thoroughly explained and clearly understood 
make a lasting impression on the student's memory,. and will 
enable him, not bnly to solve such problems as he may meet 
with in books on the Globes, but to frame several new problems 
himself, and to solve others which he never heard of before. 

In the notes attached to this part of the following work, the 
distances, magnitudes, Ste» of the planets, are all accurately 
calculated. This laborious task the author would gladly have 
avoided, but he found the accounts of the distances, magnitudes, 
&c. of the planets so variable and contradictory, even in as- 
tronomical works of repute, and frequently in the same author, 
that he conceived such notes as he has introduced would be 
very useful to a learner. ^ 

Part in. Contains an extensive collection of Problems ; 
illustrated by a great number of useful examples, many of 
which are elucidated with notes of considerable importance. 

Part IY . Comprehends a miscellaneous selection of Prob- 
lems, Questions for the examination of the student, &c. togeth- 
er with an extensive table of the / falitudes and longitudes of 
places. . This table will be found to be more correct than tlie 
generality of Tables of a similar nature. 

To Conclude. The author apprehends that he has omit- 
ted nothing of importance that particularly relates to the sub- 
ject, and he hopes at the same time, that this work will be 
found to contain little or no extraneous matter. He has en- 
deavoured to supply the young student with a Treatise on 
the Globes, which may not be unworthy of attention, as a work 
of science, yet sufficiently plain and intelligible. He is aware 
that the work would ha?e been preferred by many teachers 
(on account of its cheapness) had all the matter from page 39 
to 163 been left out, as it would then have contained the mere 
definitions and problems ; yet in this state (though it would . 
have been more comprehensive than almost any other Trea* 
tise) it would certainly have been very defective. 1805. 
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A If EW plate was delineated, for the second edition of thin 
vork, which was puhlisbed in the year 1808, showing the path 
cS the planet Jupiter in the 2»diac« for the year 1811, togetii* 
er with the constellations and principal stars through which he 
passes, afpreeable to their appearance in the heavens. Delin- 
eations of this kind will not only prove amusing, but instruc* 
tlve to the scholar, as they give a more correct idea of the rela- 
tive situations of the stars on the globe. 

By laying down on paper all the principal constellations 
from the celestial globe, as directed in Problem CII ; rejecting 
such stars as are smaller than those of the fourth magnitude, 
and those constellations which do not come above the borizoB, 
the young student will soon render the appearance of the heav- 
ens familiar to him. 

This third ediiian has been carefully revised, and some 
useful additional matter has been introduced, with the design 
<rf rendering the work as complete, and comprehensive, as the 
nature of the subject will admit. 

*Norfolk-8trMt, Fltsroy-iqaare, 
London, 1811. 
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indoding Geographical and Astronomical DefinitioiiB, &e. 2. The 
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Winds, and Hurricanes. 10. Vapours, Fogs and Mists, CloudSf 
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CHAPTER I. 

Explanation of the lAnea on the Artificial Olobta^ in- 
cluding Oeographical and Astronomical D^nu~ 
tions; with a few Geographical Theorems. 

U THE Terrestrial olo9B is an artificial rep* 
resentatioo of the earth. On this globe the four quai^ 
ters of the world, the diflEerent empires, kingdoms, and 
countries ; the chief cities, seas, nvers, &c. are truly 
represented, according to their relative situation on th^ 
real globe of the earth. The diurnal motion of this 
globe is from west to east. 

3 



9 DEFINITIONS, kb. 

2. The CELESTIAL GLOBE is EB artificial representa- 
tioD of the heavens, on which the stars are laid down in 
their natural situations. The diurnal motion of this 
^iebe is from east to west, and represents the apparent 
diurnal motion of the sun, moon and stars. In using 
this globe, the student is supposed to be situated in the 
(centre of it, and viewing thestars in the concave fe>urface. 

3. The AXIS OF the earth (See Plate I."*^ Fig. 
I. and 110 i* ^^ imaginary line passing through the 
centre of it, upon which it is supposed to turn, and a- 
bout which all the heavenly bodies appear to have a 
diurnal revolution. This line is represented by the 
wire which passes from north to south, through the 
middle of the artificial globe. 

4. The POLES OF the earth are the two extrem- 
ities of the axis, where it is supposed to cut the sur- 
face of the earth ; one of which is called the north, or 
arctic pole ; the other the sopth, or antarctic pole. The 
celestial poles are two iinaginf)ry pQiptsf in the heavens, 
exactly above the terrestrial poles. 

^f The QRAa^Rif ifERiDiAff is t|ie circle in which the 
artifical globe turns, and is diyi(ied into 360 equal parts, 
(Called degree8.;|: In the upper semicircle of the brasa 
meridian, these degrees are numbered from Q to 90, 
JTrom the equator towards the poles, and are used for 
JBn^ing the latitudes of places. On the lower semicir- 
cle of the brass meridiafa they are numbered flrom to 
90, from the poles towards the equator, and are used in 
the elevation of the poles. 



* Figufe L repreaeqts the frame of the globe, with the horison, brass 
jneridian, and axis ; Figure II. the globe itself, with the lines on its 
nirfaoe. 

' t The pole-star, is a star of the seoond magnitude, near the north 
pole, in the end of the t^U of the Little Bear. Its mean right ascen* 
sion, for the beginning of ^e year 1804, was 15^ iV hSf'y and its de- 
clination 8tf" ly 44" north. 

X Every pircle is suppoyed tP be divided into 360 equal pfirts, palled 
4egreefi, ea^h degree into 60 equal parts called minutes^ each miniate 
into SOeoufd part» called seconds, &c.: a degree is, therefore, only a 
Illative idea, and not an absolute quantity, except when applied to a 
greptt^cirde of the earth, as to the equator, or a meridian, in which cas^p 
ft is 60 geographical miles, or 69^ Knglieh milet». A degree of a threat 
tircle in the heavens U a space nearly equal to twice the apparent <ti« 
ismeterof the sun ; or to twice that of the moon when considerably 
elevated above the horiaon. 
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6. Obeat cirgleb divide the globe into tiro eqwH 
parts, as the equator^ ecliptic, &c. 

r. Small ciRCLEsdivide the globe into two tineftuil 
parti, as the tropica) polar cirdesi parallels of latitude^ 
&c. 

8. Meridians, or Lines of Longitude, are semicir'* 
clesy extending from (he north to the south pole, and 
cutting the equator at right angles. Every place uponf 
the globe is supposed to have a meridian passing through 
it, though th^re be only 24 drawn upon the terrestrial 
globe ; the deficiedcj is supplied by the brass meridi- 
an. When the siin comes to the meridian of any place 
(not within the polar circles,) it Is noon, or mid>day, at 
that place. 

9i The iiatTATOR is a great circle of ilie earth, equi"' 
distant from the poles, and divides the globe into two 
hemispheres^ northern and southern. The latitudes of 
places are counted from the equator, nortfiward and 
southward ; and the longitudes of placeii a^e reckoned 
upon it eastward and wedtw&rd^ 

The equator, when referred to the heavens, is ctf led 
the equinpctialy because when the sun appears in it, the 
days and nights are equal all over the world, viz. 1^ 
hours each. The declinations of tie sun, stars, and 
planets, are Counted from the equinoctial northward 
and southward ; and th6ir right ascensions are reckon^ 
ed upon it eastward round the celestial globe from to 
360 degrees. 

10. The FIRST MERIDIAN is that from which ge(^- 
raphers begin to count the longitudes of places. la 
English maps and globes, the first meridian ia a semicir- 
cle supposed to pass through London, or the royal ob*^ 
aervatory at Greenwich. 

11. The ECLIPTIC is a great circfe in which the sua 
makes his apparent annual progress amoi^g the fixed 
stars ^^ or it is the real path of the eart^^ round the sun, 
and cuts the equinoctial in an angle of 23^ 28^ ; the points 



* The mnh apparent diurnaf patE m either in the eqainoctial, or in 
lines nearly parallel to it ; an<f hw apparent innuaf paoi may be traced 
in the heayeas, by observing what particnlar conRteliation in the so- 
diac, 18 on the meridian at midnight : the opposite eonfiteilatioa wttt 
dipw, very neariy , th« saa't place at aooa oa tka wno day. 
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of iDtenpectioD are called the equinoctial points* The 
ecliptic is situated in the middle of the lodiac. 

12. The ZODIAC, oo the celestial globe, is a space 
which extends about eight degrees on each side of the 
ecliptic, like a belt or girdle, within which the motions 
of all the planets are performed.^ 

13. Sioirs ov THB BOOI4C. The ecliptic and zo* 
diac are dirided into 12 equal parts, called signs, each 
containing 30 degrees* The sun makes his Apparent 
annual progress through the ecliptic at the rate of nearly 
a degree in a daj. The names of the signs, and the 
days 00 which the sun enters them, are as follows : 

Spring Signs* i Summer Signs. 
¥ Aries, the Ram, 21st of Is Cancer, the Crab, 2l8t 

March* f of June. 

\i Taurus, the Bull, 19th I 9. Leo, the Lion, 22d of 

of April. I July. 

n Oemini, the Twins, 20th I n Virgo, the Virgin, 22d 

of May. . I of August. 

The six signs above are called northern signs, being 
north of the equinoctial ; when the sun is in any of 
these signs, his declination la north. 

Autumnal Signs^ | Winter Signs. 
A Libra, the Balance, 23d f yj Capricomus, the Ooat, 

of September. | 21st of December. 

ifl Scorpio, the Scorpion, I CS^ ^{tiantif, the Water* 

23d of October. I bearer, 20th January. 

t Sagittarius, the Arch- 1 X Pi«€e«,the Fishes, 19th 

er, 22d of NoTcmber. < of February.* 

The six latter signs are called southern signs ; when 
the sun is in any of these signs, his declination is south. 

The spring and autumnal signs are called ascending 
signs ; because when the sun is in any of these signs, 
his declination is increasing. The summer and winter 
signs are called descending si^s, because when the sun 
is in any of these signs, his declination is decreasing. 

14. Declination of the sun, a star, or planet, is 
its [distance from the equinoctial, northward or south- 

* Except the new discoTereil ploneti, or Aiteroidf, Cent and Palhu. 



wtrd. When the sun is in the equinoctial he has na 
declination, and enlightens half the globe firom pole to 
pole. As be increases in north declination, he gradu- 
ally shines farther over the north pole, and leaves the 
soBth pole in darkness : in a similar manner, when he 
has south declination, he shines over the south pole, and 
leaves the north pole in darkness* The greatest decli* 
nation the sun can have, is 2ifi 2B' ; the greatest decli* 
nation a star can have, is 90^, and that of a planet, 80® 
28'^ Dorth or south. 

15. The TROPICS are two small circles, parallel to 
the equator (or equinoctial,) at the distance of 239 28' 
from it ; the northern is called the Tropic of Cattcer^ 
the southern is the Tropic of Capricorn. The tropics are 
the limits of the torrid zone, northward and southward. 

16. The POLAR CIRCLES are two small circles, par- 
allel to the equator (or equinoctial,) at the distance of 
teP 32' from it, or 23° 28' from each jpole. The north- 
em is called the arctic^ the southern tne antarctic circle. 

17. Parallels of latitude are small circles drawn 
through every ten degrees of latitude, on the terres- 
trial globe, parallel to the equator. Every place on the 
globe is supposed to have a parallel of latitude drawn 
Sirough it, though there be, generally, only sixteen par- 
allels of latitude drawn on the terrestrial globe. 

18. The hour girclb on the artificial globes is a 
small circle of brass, with an index or pointer fixed to 
the north pole. The hour circle is aivided into 24t 



• Except the planets, or Asteroids, Cent and Pallat^ which are 
nearly at the same distance from the sun ; the former, in April, 180S, 
was out of the zodiac, its latitude heing SO* 4^15^ north. 

t Some globes have two rows of figures on the Index, others but one^ 
On Bardin^i New Briiiih Globes^ there is an hour circle at each pole* 
numbered with two rows'^of figures. On Adams' common globes there 
is but one index ; and on his improved globes the hours are counted by 
a brass wire with two indexes standing over the equator. The form 
of the circle is, however, a matter of little consequence, (provided It 
be placed under the brass meridian,) as the equator will answer every 

Surpose to which a circle of this kind can be applied. Mr. William 
ones has made an hour cirde to slide on the brass meridian of many 
of the globes fitted up by him : which is likewise meant to show the 
bearhigs of places; and some other instrument-makers have followed 
the same plan. An hour circle of this kind is nevertheless very incon- 
venient, on account of the trouble of removing it from the pole ; more- 
over, in several problems where the sun's declination is north, and less 
than about ift degrees, this hour cirde is useless. See Problem XXVII. 
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eqnal parts, correspondent to the hoars of the dajr ; 
»nd these are again subdivided into halves and quar- 
ters. 

19. The HOBizoir is a great circle which separates 
the visible half of the heavens from the invisible. Tbia 
horizon, when applied to the earth* is distinguished by 
the sensible and roHonal horizon. 

20. The SEHsiBLC, or visible horizon, is that which 
^terminates our view, and is represented by that circle 

which we see in a clear day, where the earth, or sea, 
and the sky seem to meet.* 

21. The RATIONAL, or true horizon, is an imaginary 
plane, passing through the centre of the earth, parallel 
to the sensible horizon. It determines the rising aod 
setting of the sun, stars, and planets. 

22. The wooDEff. aoRizoir, circumscribing the arti- 
ficial globe, represents the rational horizon on the real 
globe. This horizon is divided into several concentric 
circles. On Sardines New British Globes they are 
arranged in the following order : 

The first circle is marked amplitude, and is num* 
bered from the east towards the north and south, from 
to 90 degrees, and from the west towards the north 
and Bouth in the same manner. 

TTie second circle is marked azimuth, and is num- 
bered from the north point of the horizon towards the 
east and west, from to 90 degrees ; and from the south 
point of the horizon, towards the east and west in the 
same manner. 

The third ctVde contains the thirty-two points of the 
compass, divided into half and quarter points. The 
degrees in each point are to be found in the azimuth 
circle. 

The fourth circle contains the twelve signs of the 
zodiac, with the figure and character of each sign. 



* The senfiible horizon extendg only a few miles ; for example, if a 
man of 6 feet high were to tttand on a large plane, or on the surfece of 
the sea ; the utmost extent of hts view, upon the earth or the sea, 
would be about three miles. Thus, if h be the height of the eye above 
th e su'-facff of the sea. and d the diameter of the earth in feet, then 
^d+hX ^t ^'^ "^^^ ^^ distance which a person will be able to see, 
straight forward. KsitkU Trigonemetry, wcokid edition, Exau^le 
XliV.pageTe. 



The fifth circle contains the degrees of the signsi 
each sign comprehending 3Q degrees. 

The sixth circle contains the days of the monthi an- 
swering to each degree of the son's plaice in the ecliptic. 

The seventh circle contains the equation of time, or 
difference of time, shown by a well regolated clock and 
a correct sun-dial. When the clock ought to be faster 
than the dial, the number of minutes, expressing the 
difference, has the sign -|- before it ; when the clock or 
watch ought to.be slower, the number of minutes in the 
difference has the sign — before it. This circle is pe- 
culiar to the New British Olobes. 

The eighth circle contains the twelve calendar months 
of the year, &c. 

23« The CARDINAL POINTS of the horizon are east, 
west, north, and south. 

24. The CARDINAL POINTS in the heavens are the 
zenith, the nfidir, and the points where the sun rises and 
sets. 

25. The CARDINAL POINTS of the ecliptic are the 
equioectial and solstitial points, which mark out the 
four seasons of the year ; and the cardinal sigM are 
*f Aries, 25 Cancer, a Libra, and 14 Capricorn. 

26. The zicNiTH is a point in the heavens exactly 
over our heads, and is the elevated pole of our horizon. 

27. The NADIR is a point in the neavens exactly un* 
der our feet, being the depressed pole of our horizon, 
and the zenith, or elevated pole, of the horizon of our 
antipodes. 

28. The POLE of any circle is a point on the surface 
of the globe, 90 degrees distant from every part of that 
circle of which it is the pole. Thus, the poles of tb^ 
world are 90 degrees from every part of the equator ; 
the poles of the ecliptic (on the celestial globe) are 90 
degrees from every part of the ecliptic^ and 23 degrees 
i28 minutes from the poles of the equinoctial. Every 
circle on the globe, whether real or imaginary, has two 
poles diametrically ojpposite to each other. 

29. The s^^iNocTi^i. poiNts are Aries and Libra, 
where the ecliptic cuts the equinoctial.' The point 
Jkries is called the vernal equinox, and the point Libra 
the auiumnal equinox. When the sun is in either of 
these points, f he days aod nights on every part of the 
globe are equal to each other. 



V msniinioin^ te 

90. The lottTiTiAL roivTi are Cancer ud Capri« 
con. When the sun is in, or near» these poinU, the ra* 
nation in his greatest altitude is scarcely perceptibia 
for several days; because the ecliptic near these points 
is almost parallel to the equinoctial, and therefore the 
sun has nearly the same declination for several days. — 
When the sun enters Cancer it is the longest day to all 
the inhabitants on the north side of the equator, and 
the shortest day to those on the south side. When 
the sun enters Capricorn it is the shortest day to those 
who live in north latitude, and the longest day to those 
who live in south latitude. 

31. A HcmspHBaB is half the surface of the globe ; 
every greai circle divides the globe into two hemis- 

Eheres. The horison divides the upper from the lower 
emisphere in the heavens ; the equator separates the 
northern from the southern on the earth ; and the brass 
meridian, standing over any place on the terrestrial 
globe, divides the eastern from the western hemisphere* 

32. The If arinbr's compass is a representation of 
the horiion, and in used by seamen to direct and ascer- 
tain the course of their ships^ It consists of a circular 
brass box, which contains a paper card, divided into 32 
equal parts, and fixed on a magnetical needle that al- 
ways turns towards the north. Each point of the com- 
pass contains 11^ 15', or 11| degrees, being the 32d 
part of 360 degrees. 

33. The vARiATioB ov twb compass is the devia* 
tion of its points from the correspondent points in the 
heavens. When the north point of the compass is to 
the east of the true north point of the horison, the va- 
riation is east ; if it be to the west, the variation is west. 



The leanier is to onderftand, that the eompaM doM not alwayf point 
ifirectly north, bat is subject to a small annual variation. 4t present, 
in En(^and,ths needle points about 14 degrees to tile westward of the 
Borth« 
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DEFINITIONS, kt. * 

IrbeeompasB is used for flettiog the artificial globe north and sotilh ; 
but care must be taken to make a proper allotrance tor the variation. 

34. Latitude of a place, on the terrestrial globe, 
is its distance from the equator ; in degrees, minutes or 
geographical miles, &c*. and is reckoned on the brass 
meridian, from the equator towards the north or south 
pole. 

35. Latitude of a star or planet, on the ce- 
lestial globe, IS its distance from the ecliptic, northward 
or southward, counted towards the pole of the ecliptic, 
on the quadrant of altitude. The greatest latitude a 
star can have is 90 degrees, and the greatest latitude of 
a planet is nearly 8 degrees.^ The sun being always in 
the ecliptic, has no latitude. 

36. The Quadrant of altitude, is a thin slip of 
brass divided upwards from to 90 degrees, and down- 
wards from to 18 degrees, and, when used, is general- 
ly screwed to the brass meridian. The upper divisions 
are used to determine the distances of places on the 
earth, the distances of the celestial bodies, their alti- 
tudes, &c. ; and the lower divisions are applied to find- 
ing the beginning, end, and duration of twilight. 

37. Lo)f eiTUDE OF a place on the terrestrial globe, 
is the distance of the meridian of that place from the 
firsf meridian, reckoned in degrees and parts of a degree 
on the equator. Longitude is either eastward or west- 
ward, according as the place is eastward or westward 
of the first meridian. The greatest longitude that a 
place can have, is 180 degrees, or half the circumfer- 
ence of the globe. 

38. Longitude OF a star, or planet, is reckoned 
on the ecliptic from the point Aries, eastward, round the 
celestial globe^. The longitude of the sun is what is 
called the sun's place on the terrestrial globe. 

39. Almacanters, or parallels of altitude,. 
are imaginary circles parallel to the horizon, and serve 
to show the height of the sun, rnqoui or stars. These 
circles are not drawn on the globe, but they may be de- 
scribed for any latitude by the quadrant of altitude. 



* The newly discovered planets, or Asteroidi, Ceret and Pallas^ do 
not appear to be confined within this limit. 

4 
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40, Parallblb of celestial latititde are small 
eircles drawn on the celestial globe, parallel to the eclip* 
tic. 

41. Parallels of deglinatioit are small circles 
parallel to the equinoctial on the celestial globe, and are 
similar to the parallels of latitude, on the terrestrial 
globe. 

42. The CoLUREs are two great circles passing through 
the poles of the world ; one of them passes through the 
equinoctial points, Aries and Libra ;** the other through 
the solstitial points, Cancer and Capricorn : hence, they 
are called the equinoctial and solstitial colures. Thejr 
divide the ecliptic into four equal parts, and mark the 
four seasons of the year. 

43. Azimuth, or vertical circles, are imaginary 
great circles passing through the zenith and the nadir, 
cutting the horizon at right angles. The altitudes of 
the heavenly bodies are measured on these circles, 
which circles may be represented by screwing the quad- 
rant of altitude on the zenilhofany plaoe, and making 
the other end move along the wooden horizon of the 
globe. 

44. The. PRIME VERTICAL is that azimuth circle which 
passes through ^he east and west points of the horizon, 
and is always at right angles with the brass meridian, 
which may be considered as another vertical circle pas* 
sing through the north and south points of the horizon. 

45. The ALTITUDE of any object in the heavens, is 
an arch of a vertical circle, contained between the cen- 
tre of the object and the horizon. iVhen the object is 
upon the meridian, this arch is called the meridian alti- 
tude. 

46. The zEffiTH distahce of any celestial object, 
is the arch of a vertical circle contained between the 
centre of that object and the zenith ; or, it is what the 
altitude of the object wants of 90 degrees. When the 



* In the time of Hipparcbas, ihe equinoctial colure i^ supposed to 
have passed tlirough the middle of the constellation \ries. Hippap- 
chuswasa native of Nicaea. a town of Bythinia, in Asia Minor, about 
75 miles S. E. of Constantinople, now called Isnic; he made his obseN 
vations between 160 and 1S5 years before Christ. 
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object is on the meridian, this arch is called the meridian 
xeniih disfaoce. 

47. The POLAR dibtangb of anj celestial object, 
ia an arch of a kneridian, contained between the centre 
of that object and the pole of the equinoctial. 

48. The AMPLITUDE of any object in the heavenSy 
is an arch of the horizon, contained between the centre 
of the object when rising, or setting, and the east or 
vest points of the horizon. Or, it is {he distance which 
the sun or a star rises from the east, and sets from the 
west, and is used to find the variation of the compass at 
aea. Iii our summer, the sun rises to the north of the 
east, and sets to the north of the west : and in the win- 
ter, it rises to the south of the east, and sets to the south 
of the west. The sun never, rises exactly in the east, 
nor sets exactly in the west, except at the time of the 
equinoxes. 

49. The AZ1M0TB of any object in the heavens, is an 
arch of the horizon, contained between a vertical circle 
passing through the object, and the north or south points 
of the horizon. The azimuth of the aun, at any partic* 
ular hour, is used at aea for finding the variaticfti of the 
compass. 

50. Hour circles, or horart circles, are the 
aanie as the meridians. They are drawn through every ' 
15 degrees^ of the equator, each answering to an hour f 
consequently, every degree of longitude answers to four 
minutes of time, every half degree to two minutes, and 
every quarter of a degree to one minute. 

On the globes these circles are supplied by the brass 
meridian, the hour circle, and its index. 

51. The SIX o'clock hour liitb. As the meridian 
of any place, with respect to the sun, is called the 12 
o'clock hour circle ; so that great circle passing through 
the poles which is 90 degrees distant from it on the 
equator, is called, by astronomers, the six o'^clock hour 
circle, or the six o'clock hour line. The sun and stars 
are on the eastern half of this circle 6 hours before they 
come to the meridian ; and on the western half, six hours 
after they have passed the meridian. 



* Od CaryUlur^ Globet, tht muU&am an drawn ihro8|li «9«y 10 
degrees, ai on a Map. 
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52^ Culminating point of a 9tar or planet, is that 
point of its orbit which, on anj given day, is the most 
ele?a(ed. Hence, a star or planet is said to culminate 
when it comes to the meridian of any place ; for then 
its altitude at that place is the greatest. 

53. Apparent noon, is the time when the sun comes 
to the meridian ; viz. 12 o'clock, as shown by a correct 
sun-dial. 

54. Teub or mban noon, 12 o*cIock,as shown by 
R well regulated clock,/ adjusted to go 24 hours in a 
mean solar day. 

55. The S4|DATioN of time at noon, is the interval 
between the true and apparent noon, viz. it is the dif- 
ference of time shown by a well regulated clock and a 
correct sun-dial. 

56^^ TRUE SOLAR DAT is the time from the sun's 
leaving the meridian of any place, on any day, till it re- 
turns to the same meridian on the next day ; viz. it is the 
time elapsed from 12 o'clock at noon, on any day, to 
12 o'clock at noon on the next day, as shown by a cor* 
rect sun-dial. A true solar day is subject to a continual 
variation, arising from the obliquity of the ecliptic, and 
the unequal motion of the earth in its orbit ; the dura- 
tion thereof sometimes exceeds, at others falls short, of 
24 hours, and the variation is the greatest about the first 
of November, when the solar day is 16' 15^' less than 
24 hours, as shown by a well regulated clock. 

57. A MEAN SOLAR DAY IS measurcd by equal mo- 
lion, as by a clock or time-piece,.and consists of 24 hours. 
There are in the course of a year as many mean solar 
days as there are true solar days, the clock being as 
much faster than the sun-dial on some days of the year, 
as the sun-dial is faster than the clock on others. Thus 
the clock is faster than the sun-dial, from the 24th of 
December to the 15th of April, and from the 16th of 
June to the 31st of August : but from the 15th of April 
to the 16th of June, and from the 31 st of August to 
*the 24th of December, the sun-dial is faster than the 
clock. When the clock is faster than the sun-dial, the 
true solar day exceeds 24 hours ;^ and when the sun-dial 
is faster than the clock, the true solar day is less than 
24 hours ; but when the clock and' the sun-dial agree, 
▼iz. about the 15th of April> 16th of June, 31st of Au- 
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gUBt, and 24th of December, the true solar day is exact- 
ly 24 hours. 

d8« The astronomical day is reckoned from noon 
to noon, and consists of 24 hours. This is called a na^ 
tural day, being of the same length in all latitudes. 

59. The ARTIFICIAL DAY, is the time elapsed be- 
tween the sun's rising and setting, and is variable ac- 
cordingto the different latitudes of places. 

60* The CIVIL day, like the astronomical or natural 
day consists of 24 hours, but begins differently in dif- 
ferent nations. The ancient Babylonians, PersianSj 
Syrians, and most of the eastern nations, began their 
day at sun-rising. The ancient Athenians, the Jews, 
&c. began their day at sup-setting, which custom is fol- 
lowed by the modern Austrians, Bohemians, Bilesians, 
Italians, Chinese, &c. The A>abian8 begin their day 
at noon, like the modern astronomers. The ancient 
Egyptians, Bomans, &c. began their day at midnight, 
and this method is followed by the English, French, 
Germans, Dutch, Spanish, and Portuguese. 

61. A siDERiAL DAY is the interval of time from the 
passage of any fixed star over the meridifin, till it returns 
to it again : or, it is tbe time which the earth takes to 
revolve once round its axis, and consists of 23 hours, 
56 minutes, 4 seconds. 

lo elementary books of Astronomy and the globes, tlie learner ii 
generally told, that the earth turns on its axis from west to east in t4 
hours ; but the truth is^ that it turns on its axis ia S5 hours, 56 min- 
utes, 4 seconds, making about 366 revolutions in 365 days, or a year« 
The natural day would always consist of 2S hours, 56 minutes, i sec- 
onds, instead of ^ hours, if the earth had no other motion than that on 
its axis ; but while the earth has revolved eastward once round its ax« 
is, it has advanced nearly one degree* eastward in its orbit. To ilhis- 
trate this, suppose the sun to be upon any particular meridian at 12 
o'clock, on any day ; in the space of 25 hours, 56 minutes, 4 seconds 
' afterwards, the earth will have performed one entire revolution ; but it 
Will at the same time have advanced nearly one degree eastward in ita 
orbit, and consequently, that meritlian which was opposite to tbe sun 
the day before, will be now 6ne degree eastward of it ; before the sun 
appears again on the same meridian ; so that the time from the sun's 
being on the meridian on any day, to its appearance on the same meri- 
dian the next day, is ^4 hours. 



* The earth goes round the sun tn 365^ days nearly ; and the eclip- 
tic, which is the earth's path round the sun, consists of 360 degrees ; 
hence, by the rule of three, as 365 J D : 360 deg. : 1 D : 59' 8" S'", 
the daily mean motion Of the earth in its orbit, or the apparent mean 
motion of the sua in a day. 
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63r"A SOLAR TB4R» OF tfopical /ear, is the time the 
■un takes in passiog through the ecliptic, froni one trop- 
ic, or equinox, till it ret urn« to it again ; and consists of 
365 dajs, 5 hours, 48 .iiinutes, 48 seconds. 

63. A siDiBiAL THAR IS the space of time which the 
sun takes in parsing from any fixed star, till he returns 
to it again, and consiateof 365 days, 6 hours, 9 minuies, 
12 seconds ; the siderial year is therefore 20 minutes, 
24 seconds longer than the tropical year, and the sua 
returns to the equinox every year before he returns to 
the same point of the heavens ; consequently, the equi- 
noctial points have a retrograde motion. 

64. The PRBCKssioif of the si^uiiroxBS (or more 
properly, the recession of the equmoxes) is a slow mo- 
tion which the equinoctial points have from east to west, 
contrary to the order of the signs, which is from west 
to east. 

This motion, from the best observations, is about 50^ 
seconds in a year, so thatifwould require 25,791 years* 
for the equinoctial points to perform an entire revolu- 
tion westward round the globe. 

In the time of Hipparchus, and the oldest aitroDomen, the eauinoc- 
iial points were fixed in Aries and Libra ; but the signs which were 
then in conjunctian with the sun. when he wao in the equinox, are now 
a whole sign, or dO decrees eastward of it; so that Aries is now in 
Taurus, Taurus in Gemini, ftc. as may be seen on the celestial globe. 
Hence, also, the stars which rose and set at any particular season of the 
year in the times of Hesiod.t Eudaxus4 Ptiny,# &o. do mot answer to 
the description given by these writers. 



* For the circumference of the equator is 360 degrees ; and as SOff^i 
1 year : : d60 deg»: ^,791 years. 

t Hesiod was a celebrated Grecian poet, bom at Ascra^ in Boeotia, 
supposed to have flourished in the time of Homer : he was the first who 
wrote a poem on Agriculture, entitled IVre Warkt and ikt Dayt^ in 
which he introduces the rising and setting of particular stars, ko* Sev- 
eral editions of his works are now extant. 

} Eudoxus was a great geometrician and astronomer, from whom 
£uclid the geometrician is said to have borrowed great part of his ele- 
ments of geometry. Eudoxus was bom at Cnidus, a town of Caria, in 
Asia Minor ; he flourished about 370 years before Christ. 

# Fliny, generallv called Riny the Elder, was bora at Verona, in 
Italy ; he composed a worlt on natural history, in 37 books ; It treats of 
the stars, the heavens, wind, rain, hail, minerals, trees, flowers, plants, 
birds, fishes, and beasts ; besides a geographical debcription of every 
place on the globe, &c. ice, Pliny perished by an eruption of Yesuviud* 
in the 79th year of Christ, from too eager a euriofity in ohsenring the 
phenomenon. 



DEFINITIONS, &c, 16 

65. ]Po8iTiON8 OF THfi SPHERE are three ; right, 
parallel, and oblique. 

6(»« A. RIGHT SPHERE is that positioD of the earth 
where the equator passes through the zenith and the 
nadir, the poles being in the rational horizon. The in- 
habitants who have this position of the sphere live at 
the equator ; it is called a right sphere because all the 
parallels of latitude cut the horizon ai right angles, and 
the horizon divides them into two equal parts, making 
equal daj and night. 

67. A PARALLEL SPHERE, IS that positloo the earth 
has when the rational horizon coincides with the equa- 
tor, the poles being in the zenith and nadir. The in- 
habitants who have this position of the sphere (if there 
be any such inhabitants) live at the pole ; it is called 
a parallel sphere, because all the parallels of latitude 
are parallel to the horizon, and the sun appears above 
the horizon for six months together. 

68. An oblk^ub sphere is that position the earth 
has when the rational horizon cuts the equator obliquely, 
and hence it derives its name. All inhabitants on the 
face of the earth (except those who live exactly at the 
poles of the equator) have this position of the sphere, 
and the days and nights are of unequal lengths, the 
parallels of latitude being divided into unequal parts by 
the rational horizon. 

69. Climate is a part of the surface of the earth con- 
tained between two small circles parallel to the equator, 
and of such a breadth, that the longest day in the paral- 
lel nearest the pole, exceeds the longest day in the par- 
allel of latitude next the equator, by half an hour, in 
the torrid and temperate zones, or by a month in the 
frigid zones ; so that there are 24 climates between the 
equator and each polar circle, and six climates between 
each polar circle and its pole. 

From the above definition it appears, that all places sitaated on ths 
same parallel of latitude are in the same climate ; but we must not infer 
from thence, that they have the same atmospherical temperature ; 
large tracts of uncultivated lands, sandy deserts, elevated situations, 
woods, morasses, lakes, &c. have a considerable efiRpct on the atmos» 
phere. For instance, in Canada, in about the latitude of Paris, and the 
south of England, the cold is so excessive, that the greatest rivers are 
fresenover from December to April, and the itnow commonly lies from 
four to six feet deep. The Andes moimtami, though part of them are 
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sitoated in tbe torrM loiie, are at the samnnit covered with now, whidi 
cools the air in the adjacent coantry. The heal on the western coast 
of Afrin, after the wind has passed over the sandy desert, is almoft 
foffocating ; whilst that same wind having passed over the Atlantic 
Ocean, is cool and pleasant to the inhabitants of the Carihbean Uandi. 



I. Climates between the Equator and the Polar Circles. 



II 
III 
IV 

V 

VI 

VII 



O. M. 

I 8 54 



IX 
X 

XI 

xu 



Endtin 
Laii" 

twU. 



16 44 

U 12 

30 48 

S6 Si 

41 U 

45 92 



VIII 49 2 16 ^ 



51 
54 



59 



Where 

the 

iongui 



H. M. 

12 do 

13 — 
13 
14 
14 
15 
15 



30 
30 
30 



16 30 



Breadiht 

rflhe 

Ciimaies. 



i 



D. M. 

8 34 

8 10 

7 

6 

5 

4 

4 

3 

2 

2 

2 

1 



28 
36 
43 
53 

8 
30 
57 
31 

8 
49 



XIII 

XIV 

XV 

XVI 

xvu 



D. M. 
59 59 
61 18 



62 26 

63 22 



19 30 

20 — 
64 1020 , 30 



1 19 
1 8 

— 56 

— 48 
XVUi|64 5021 40 

XIX 65 2221 30 — 3S 

XX 65 48 22 26 

XXI 66 522 50—17 

3017 — 2 31 J XXII 66 2123 16 

56 38 17 50 2 8SXXIII66 292d 50—8 
58 2718 — 1 49 J XXIV 66 3224 3 



Endiin 
LaH" 

iwk. 



H. M. 

18 50 

19 — 



nhert 

the 

longett 

Day it. 



BreadihB 

fthe 
elimUet. 



D. M. 
1 32 



n. Climates between the Polar Circles and the Poles* 



XXV 

XXVI 

XXVII 



Ends 
in Lai' 
itude. 



D. M. 

67 18 

69 33 

75 J 



Where 
(he 



Breadiht \ 
of the 



Day it. 



DaysM 

30orl 
60 — 2 
90—5 



B. M 

— 46 5XXVIU 

2 15 J XXIX 

5 5i| XXX 



Ends 

m Lai' 

itude. 



D. AI 

77 40 

82 59 

90 — 



Where 

the 
longest 
Day it. 



Breadiht 

of the 
Cii males 



DaysM 

120or4 
150—5 
180-4 



4 55 

5 19 
7 1 



The preceding tables may be constructed by the globes, as will be 
shown in the problems, but not with that esaetness given above. Ta* 
hlea of this kind are generally copied from one author into another, 
without anv explanation of the principles on which they are founded. 
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In pkte IT. figure IV. HO inprmnta the horizon, JGCt the e^pittor, 

S5 c 25 a parallel of the sun's freatest declination, NO the elevatioa 
of the pole or latitude of the place ; the angle c a 6, mffasured by the 
arch w>, the complement of the taitihide ; a 6 is the ascensional difl^ 
enoe, or the time the sun rises before 6 o*clock, and 6 e tiie sun^ dectt- 
nation. Eence, by Baron Napier's rules (see KeithU 8pherfteal Tri^o* 
nometry) rod. X sine a b ^=. cotangent a^ {or tangent NO) X tangSiU 
he. 

Vis. Xli«g^ntofthefliti*aer«Mestde«ttf»lM»i28*W, 

Isto radius, sine of 90 degrees ; 

As sine of the suii's ascensional d^ircnte^ 

isiotkttlmgeniifthBlaiitude. 

A gmerai ruk : 

At the end of the first climate^ the son rises ^ before $ ; and in every 
climate, tf you tak<p half the length of the !one;e!it day, and deduct B 
hours therenom, the remainder turned into degrees «Hil ^e the ascen- 
sional diffiH«nee. Hence the ascmnonnl diffsfence, for tSe first elimatn, 
is 15 minutes of time, equal to 3o 45' ; for the second ^mate SO mio* 
utesssT** SOf ; for the third climate 45 minutesasli^^ 15' ; for the fourth 
di'matd 1 hoar=s:l5«. ke. 

Tin^ntof9d»2ir - M9?«l < Fan^nt of «S> S8' • 9.65r«l 
I8to4wliiis,8ineof90<» 10X)OOeo|l8 tondins slne.ofQQo IOjOOOCO 
Assineofd^45' - - 8.81560 1 As sine of T^ 90^ - 9 1157D 

if to tang. Int. 8* d4' 9.1T199 1 b to tMig. tat 16« W MTa«9 

Camtmctiim rftke seeani Table. 

The len^sl day is the Stst of Jane, wlien the son's dedinntion is 
28» 28' north. Co^nt half the length of the day from the Slst of June 
forward and backward ; find th» son's declination answering to those 
two days in the nautical almantic, or in a table of the son's declinn- 
lion ; add the tivo dedinations together, and divide their snm by t, 
subtract the ^otient from 90 degrees, and the remainder is the latitude. 
As the sun's declination is variable, It ought to he takep out ot the al- 
manac, or tables, for leap year and the three following years; a mean 
of these deeliniBLtions used as above sHH i^lve the latitude as eorreet as 
the nature of the problem admits cf, and in this manner the second table 
was constructed— 'Biccioli (an Italian afitronomer and mathematician, 
bom at Ferrara, in the Pope's doihittions, 1598,) in his Aitronomki 
MrfMnOta, nttfaHstaed in 1665, mnkes an aflowance for the refi^aetioii of 
the atmosphere in a tabl^ of climates. He considers the increase of 
days to be by half hours, from 12 to 16 hours ; by hours, from 16 te Sa 
hour#; by 2 hours from 20 to 24 hours ; and by months in the frigid 
eones, ma&Ing the fanmber of the d*y# of eadh month in the north frigid 
aonesomeliii^g more than those in the south ; but, as the refraetion 
of the atmosphere is so extremely variable that scaroely any two matl|- 
cafnaticians agree with re»peet 16 the quantity, it is evident that a table 
oTefimates. caleufatted wift sndl an undeHaIn hHewanaa, aan hinf » 
iMttilaladyiKtn^afc 
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to. ' k zow is a portioii of tfce lui&ce «f the earth 
contained between two amaU circles parallel to the 
eqoator, and iv similar ti) tfaetenn climate, for pointing 
out the situations of jAaces on the earth, but less exact ; 
aa there are only fivt aonea^ whereaa there are 60 cli- 
mates. 

71. The TORRID zoitir extends from the tropic of 
Cancer to the tropic of Ciapricorn, and is 46^ 56' broad. 
This zone was thought by the aMienta to faeaninhabi- 
tedi becaascr itis contindsfit/ exposed to the direct raya 
of the sun ; anif such partaof the torrid. zone as were 
known to them were sand j deserts, as the middle of Af- 
rica, Arabia, &c. : and this aandjr. desert extends be- 
yond the left bank of the Indua, toward Agimere. But 
these deserts are not produced merely by the excessire 
heat of the suo» aa the ancients imagined ; because it is 
well known, that moiature ia one of the greatest incon- 
yeniences in several parts of the torrid zoQe« 

12. The TWO TCMPBRATB zoNss. The north tem- 
perate zone extedds from the tropic of Cancer to the 
arctic circle ; and the south temperate zone from the 
tropic of Capricorn to the antarctic circle. These zonea 
are each 43^ 4! broad, and were called temperate by the 
ancients, because meeting the sun's ray a obliquely, they 
enjoy a moderate degree of heat. 

Y3. The TWO FRIGID ZONES. The north frigid zone, 
or rather segment of the aphere, is bounded by tte arctic 
circle. The north pole, which is 23^28' from the arctic 
circle, is situated in the centre of this zone. The south 
fri$;id zone is bounded by the antarctic circle, distant 
%2P 28' from the south polcj which is situated in the 
centre of this zone. 

74. AMPHiacii are the inhabitants of the torrid zone; 
so called because they cast their shadows both north and 
south at different tidtes of the year; the sun being some- 
times to the south of them at noon, and at other times to 
the north. When the sun is vertical, or in the zenith, 
which happens twice in the year, the inhabitants have 
no shadow^ and are then called Aacii, or shadowless, 

75. HfiTERosGii is a name giren to the inhabitants of 
the temperate zones, because they cast their shadows at 
noon only, one .w.ay. Thus the shadow of an inhabitant 
of the north temperate zone always falls to the north at 
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Bodn^ biiBcau«e tlie ann rs tbes directly south ; and aqi 
inhabitant of the soatb temperate zone casta his shadow 
towards the south at uoon^ because the sun is due north 
at that time. 

76. PEtiiscii are those people who inhabit the frigid 
zones, sb called, because their shadows, during a revo- 
lutioii of the earth on its axis, are directed towards every 
point of the' compass. In the frigid zones the sun does 
not set during several revolutions of the earth on its axis.; 

' 77. ' Antoeci are those who live in the same degree, 
of longitadie, and in equal degrees of latitude, but the one 
has north and the other south latitude. They have 
noon at the same time, but contrary seasons of the year; 
consequently, the length of the days to the one, is e- 
qual to the lengths of the nights to the other. Those 
who live at the equator have no Antoeci. 

' 76. Pbrioeci are those who live hi the same latitude, 
but in oposite longitudes ; when it is noon with the one, 
it is midnight with the other ; they have the same length 
of days, atid the same seasons of the year. The inhab* 
itants of the poles have no PericBci. 

79. All TiPOD^ are those inhabitants of the earth who 
lire diamefrically opposite to each other, and conse-* 
qfuentty walk feet to feet; their latitudes, h>ngitudes» 
seasons of the year, days^ and nights, are all contrary to 
each other* 

80. The iiiOHT AscBVSiov of the sun, or a star, is 
that degree of the equinoctml, which rises with the sun, 
or a star, ilia right sphere, and is reckoned from the' 
equinoctial point Aries eastward round the globe. 

' 81; OBLiai7S ABSENsioNOf fhe stin, orastar, is that 
degree of the equinoctml which sets with the sun or a 
fltar, in an oblique sphere, and h likewise counted from 
the point Aries round the globe. 

82. OsLiaoB DfiscBNsioir of the sun or a star, is that 
degree of the equinoctial which sets with the sun or a 
Star, in an oblique sphere* 

83. Tht AsCE1f9f 0941, or DESCipffSIOirAL DIFFBK- 

BNCB, is the difference between the right and oblique 
ascensioti^ or the diflferenee between the right and oblique 
descension, and with respect to the sun, it is the time 
lie risec^tHsfore 6 ip the. summer^ or sets before §111 thf 
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84. TbecESPOtcuLVMyor, TwiuaBTt i* tbal 
light which we perceive before (he auo ri«eif aod i^ter 
he sets. It is occasioned bj the earlh*8 alpo4pl|ere 
refracting the rays of light, and reflecting (hen from thm 
particles thereof. The twilight ia uippofted to e^ in 
the evening, when the sun is 18 degrees below thehorir 
zoo, or when stars of the sixth nagmtude (the HiaUfrt 
that are visible to the naked eja) begin to a|ipeaf ; aiHl 
the twiKght is said to begin in the morning, or it is day* 
hreaky when the sun is again within 18 degrees of Ae 
horizon. The twilight is the shortest at the equator 
and longest at the poles ; here the sun is near two uiontha 
before he retreats 18 degrees below the hori9an,or to- 
the point ^ere his rajs are first admitted iotor the at- 
mosphere ; and he is only two months before be arrives 
at the same parallel of latitude. 

85. Refbactioev. The earth is surrau9ded bf a 
body of air, called the atmosphere, throiigb which the 
rays of light come to the eye from all Ihe heavenly bod- 
iea : and since these raya are emitted through a vacuua^ 
or at least through a very rare medium^^ and bil obr 
liqnely upon the atmosphere, which is a dense medtam, 
they will, by the laws of optics, be refracted ia linea ap« 
preaching nearer to a perpendicular from the place of the 
observer (or nearer to the aenith) than they would be, 
were the medium to be removed. Hence all the heaven- 
ly bodies appear higher than they really are» and the 
nearer they are to the horizon the greater the refraction, 
or difiereoce between their apparent and true ijtitudet 
will be ; at UQon the refraction is the least. The sna 
and the moon appear of an oval figure sometimes near 
Ae horizon, by reason of refraction ; for the under side 
being more refracted than the upper, the perpepdiculttp 
diameter will be less than the horiaontal one, which is 
n^t affected by refraction. 

, Refraction ia variaUe aecesding totlto diftei^ent deaft^. 
ity of the air : hence it happens, tihnt we sometimes aae 



^ * A,iiv flpiil, or AibsUace, tlurougb wU<^a.ia;K of lif;kt csii pepslrate, 
is caHed a medium, as air, water, oil, glaA, &c. The air near the sur^ 
face of the earth )§ more detiRe than In the hiefaer regioii8;oY the atmQ»- 
phem;siidhe70iidtheatnaiphere,lhi^isj8.of lighl srs si4»peiedt». 
meet with little or no reristance. 
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Mp to see the t^pn of iiuMiiit«iD«» towenif or vpifoa oC 
chufche$f wbif^ii at otb^ times are invisible* thougji we 
atand io tbe ss^ine [^ace. Tbe i^icienbi knev ootbiDg of 
refraction : the first who compoMCl e table thereof waf 
TjiekoBraM. 

. Tbe &un's oieri^iw altitude on tbe loatest digr de« 
creases from the trapic of Cancer to tbe north pole ; and 
in the torrid zone, wtwa tbe sun is vertical there is no re* 
flection '; hence the refrai^tio* is the least in the torrid 
s^uie, a,ad greatest at the poles. Yareniiis, in his geog- 
rspbjrt speaking of the wintering tf the Dutch in Noifm 
ZemUa, latitude 76^ north, in the year 1596, says thej 
■aw the ann in the jear IW six dejs sooner than thej' 
would have see^hW). bad there been no refraction. 

86. AnoiiRov roaiTioii between two places on the 
terref trial globe, is an angle at tbe aenitii of one of the 
plaf ea ; foNoed by the meridien of that place, and a vet* 
tical circle piKishig tbrei^b the other place, being men^ 
■ured o|i the borixonfroA the elevaled pdb towarda the 
vei^ticai circle^ 

87^ Rhumbs are the divisions of the herison into 32 
parts, called, the points of the compass. The aneients^ 
were acquainted o^jr with the four cerdinal points, andr 
the wind was said to blow from that peioit to which it 
was nearest. 

. A Rhumb, line, geometrteally apeahiog, iea lexodromio 
or spiral curve, drawn or supposed to be drawn upon tbe 
earth, so as te cut each meridian at the aame angle, caH* 
ed the pr«^r anj^e of the thundi. If this line be eon^ 
tioued, it wiU never retun» into itself se^ aa to feaa a cir» 
cle, ei^cept it bappeip to be due east and west, or due 
north and seolNb ; aed it can never be a straight line up- 
on any mep^ excepjt tbe iiMridieos be psraUel to each 
other, as in Mercator's and the plane chart. Hence 
the diffliettHy of finding the true hearfaig between two 
places on theterres^l globe, or on any map but these 
above mentioned. The bearing found by a qnndrani oif 
aMlti.de on a globe, fs^o|i}]f the measure of a spherical 
angle upon, the surface of that globe, as definee by the 
es^^ o/poeaKoia^ and nefcthe seal betting or rhumh^ an 
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jbown bj Ad compMS, for, by the compass, if a place 
A bear due east from a place B, the place B will bear 
doe west from the place A ; but this is not the case 
when measured with a quadrant of altitude. ' 

88. The FIXED stars are so called, because thej 
have been usually obsferved to keep the same distance 
with respect t^ each other. The stars have an appa-* 
rent motion from east to Wjsst, in circles parallel to the 
equinoctial, arising from the revolution of the earth on 
its axis, from west to east; and, on account of the pre- 
cession of the equinoxes, their longitudes increase a- 
bottt 50^ seconds in a year ; this likewise causes a varia- 
tion in their declinations and right ascensions : their 
latitudes are also subject to a small variation. 

89. The POETICAL ri^iitg avd settiito of the 
STARS, so called because they are taken notice of by the 
ancient poets, who referred the rising and setting of the 
stars to the sun. Thus when a star rose with the sun, 
or set when the sun rose, it was said to rise and set 
Cosmically. When a star rose at sun-setting, or set 
with the sun, it was said to rise and set Achronically. 
When a star first became visible in the morning, after 
having been so near the sun as to be hid by the splen- 
dour of his rays, it was said to rise Heliacally ; and 
when a star first became invisible In the evening, on ac- 
count of its nearness to the sun, it was said to set Heli- 
acalljf. 

90. A coKBTELtATroir is an assemblage of stars on 
the surface of the celestial globe, eircumscHbed by the 
outlines of some assumed figure, as a rdm, a dragoitj a 
hear J &c. This division of the stars into constellations 
is necessary, in order to direct a person to any part of' 
the heavens where a particular star is situated. 

, The followiDS l^Wes contain all the opngteUationt on tho New MrU-, 

ish Globes, . , - . i. 

Tbesodiacal constellations are 12 in number, the northern eonstefla- 
tiens S4, and the southern 47, mailnghi the whole SS. , . 

Foreign mathematicians have changed the namesof sop^ of tbe« 
constellations, diminisW the number of stars in ^tl^er^, in order tq 
form new conWellations, Sec. but as ttese modem improvements have 
not been introdttced npon our globes, it will he unne^jessary |o specify 
them here. , 

The largest stars are called stars of the first magnHnde ; thoseofihe 
sixth magnitude are the smallest that can be seen by the naked eye. 
The number of stars in each eonstdlatiott, except those marked with 
asterisks, are taken from Flamstead. 
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I. CONSTELLATIONS IN THE ZODIAC. 




X^tm- 


iVomes ^ (Ae pnne^ 


CONSTELLATIONS. 


berof 


^/arf , oiui their magni' 




Start. 


iudet. 


1. Aries, Tht Ram, \ • - 


66 


Arielis, 2. 
CAMebaran,!. 


S. Taiiras, The BuK, - 


141 


>rhe Pleiades. 
([rheHyade* 
Castor tnd Pollux, 1. %. 


3. GemiiUt The Twint^ 


85' 


4. Cancer, The Crab, - 


83 




5. Leo, 2%e Lion, 


95 


Heart, 1. 


6. Virgo, 1%« Ftr^n, - 


110 


5SpiGayirsiais,l. 
fendflniatrix, S. 


i.hVbra^TheBdlawe, 


51 




8. Scorpio, Tih€ Scorpion^ 


U 


Antareiil. 


9. SagitUrius, TAe ^«*«f , - 


69 




10. Capricornus, The €hat, • 


51 




11. Aquarius, The WaUfieartTy 


loar 


Seheat,3. 


1ft. Pisces, The Fiihu, 


lis 1 


U. THE NORTHERN CONSTELLATIONS. 


CONSTETiTiATIONS. 


Ntm- 
heref 


JSamet of the prinemal 
Start, and OieirMag' 




Start. 


nOwki. 


1. Mods Mftfualttt, ThewnmUtin 






M^eneUuty - . - 


11 




«. Serpens, The Serpent, 


64 






74 


BMBAOuipn^fU 


4. *Taum8 Poniatowski, Bull of 






PoniatotDiki, 


7 




5. *SQ^Uim^h\e$kl^ieski>sShkld, 


8 




- >' Aquila, The Eagle, ) 
'' J Antinous, J 


71 


Altair,l. 


T. Equulus, The UHk Horse, 


10 




8. Leo Minor, 7%e K<</e Lion, j 


55 


Deneb,& 


9. ComaBerenice8,Berenu;«>fAinr, 


43 




(Asterion et Chara, vel, T 






10. { Canes V^naUci, TAc Grey- C 


25 




^ • fcound*. 3 




" 


11. Bootes, ... 


54 


Arctums. 1. Mirach, 3. 


1^ Corona BoreaHs, The norlhtm 






Crown, - - - 


«1 


Alphacca, 2. 


(Hercules - - "J 


113 


RasAlgethidinthehead 
of Hercules* 


( Dog, - . - 3 






14. Lyra, The Harp, - 

15. Tulpecula et Anser, The Fox 


21 


Vegi,!. 






and Goose, 


35 




16. Sagitta, The Arrow, 


18 1 



M 



Sum, 



J^amt$ If the pritutpa 



NOR TffN. CO!f<rrBLLATION8. 



t7« IMphinw. TWe BotptuM, 

18« PegaeuB, The Flying Bom, 

t9. Andr^Hiieda^ 

to. TrianguJum, Tkt Tritmsle, 

31. Triangahmi ]«im»» 7Ae ZiCOe TVi. 



1« 
89 
6B 
11 

5 
6 



i\larkab,lt66heat,i. 
Biiradli,t.AIiiiaa£tl,l 



wy*^/^^^Ah ^ ^^ ^ % A0 wmiy%t v k^ iiy yitV¥^tyy^vyy^0^y^t0^y^^iM^y^^%jt^^^0y^iyy^/t/y^^tt0fif 



nB/oU^ufmg norikum MuUlkUwu in 
notutinlht laUtude ^lmd»ifk 



Atim- 
Urif 
Start, 



NaaoMM^ftht prmeM 
Starts and iktir Mag' 
nliudu. 



18. Unk Minor, The tUUe Bear, 
U. Ursa Major, The great Boat, 

15. vCor CaioU, Charki*e fiearl, 

16. Draeo, T/heilragofi, - • 
K7. Cygnas, TAe Sican, 
18. LaoerU, 7%e £«Mf<l, 

Cepheus, • . . • 
EX). Casiiiopeu^ - . - • 

PenNL . - - - "J 
Bl. '{Caput Bfedas», Head ^iUe- ^ 

K. Cw8l«}p«rdftlv9, ThaCamMleapanli 
BS. Auriga, TAcCA«n»oteer«rlf^«Vponer, 
B4. Lyiifty2%<l.yBx, 



U 
87 

A 

8D 
81 
16 
55 
55 

59 

58 
86 



Pole dtar, %, 
l>ubhe,S. Alidtb^S. 
Benetnach, ^. 

RasUben.f. 
DenebAdige,!. 

AlderamiiifSi 
8eb«dAr, 5. 

^AlgeBib,f. 
L Algol, «. 

Capdla, 1. W 



HL TH£ SOUTHERN CONSTBIiLAilOKS. 



bet if 
Start, 



Ntmet if^ prmapai 
fSlart andmeit mag 
nitudet. 



CONSTELLATIONS. 



1. Cetus, The Whale, - - 

% EndanuB, The rimer P&^ 

5. Orion, .... 

4. Monoceroi, The Uniwhi, 

5. Canis Minor, TheUtUeDag^ - 

6. Hydra, .... 

7. Sestaof, Tk^ ^^^^^ 

8. *Micro80opinm, The Mkroteoptj^ 

9. Pi§cis Notioa Tel AnstnUis, The 

toviheimPih, • • • 

119. •Ofteiiitt SMilptoriA, TheSealft^t 

Shop, • * • • 

11. *Fomax Chemica, The Fmnum, 

12. *Brandenburgium Soeptnim, The 
Seeptre of Bramdenburgh, 

iS, Leput, The Hare, 

I4> *CeliMtba Noartri^ PM^ JPm, 



97 

84 

78 
Si 

41 
10 

24 

IS 
14 

i 

19 
10 



Menkar, 2. 
Archftrner, 1. 
^ Bellatrit, 2. Betel- 
{ gues, 1. Rigel, 1. 

Frocvon, 1. 
Cor HydnB, 1* 



FoiiiaUiMit,l« 
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SOUTHERN CONSTELLATIONS 



Niim 
her of 
Static 



Names of (ke principal 
Sian. aiid their 
Magnitudes* 



15. Canis Major, The great Dog, 

16. *Pyxi8 Nautica, The Mariner^s 
Compass, - - - 

17. ^Machiaa Pneumatica, The Air 
Pump, . - - - 

18. Cra%er« The Cup or Goblet, 

19. Corvus, The Crow, 



5i 

4 

5 

31 

9 



Siriiu, 1. 



Alkes, 3. 
4lgorab, 5. 
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The following southern eonttellations do 
not rise in the UUUude of London. 



Nvm- 
her of 
Stars. 



Names of the princi- 
pal Stars, amd their 
MagnUudes. 



SO. Centaurus, The Centaur, - ^ 

21. Lupui, The Wolf, - - S4 

S^. * Norma, vel Ruadra Eoclidis, £ti- 

clid^s Square, ^ - - - 12 

S3. *Circinuf>,7AeGom/MUfes, - 4 

24. ^Triangulum Aufltrale, Thesouihem 

Triangle, , . ■ . - 5 

25 *Crux,TAeOrow, - - 5 

26. *Mu8ca Austratis, vel Apis, The 
southtm Fly,or Bee, - 4 

27. *Chamoeleoii, 7^ Cameleon, - 10 

28. Ara, The JUar, - . - 9 

29. *Teleicopium, The Telescope, 9 

50. Corona Australis, The southern 
Crovm, . - - - 12 

51. *Indu8, The Indian^ • - 12 

52. *Ora8. The Crane, - - 13 
83. *Pavo, I%e Peacock, - - 14 

34. *Apu8, vel Avis Indica, The Bird 
of Paradise, - - -11 

35. *Octans Hadieianus, Hadley's Otv 
tant, .... 43 

36. «Ph<Bnix, - - . . iS 

37. *Horologium, The Cloek, - 12 
88. *Reticulu8RhomboldaU8,7%eiiftfmi» 

boidalXd, ... 10 

39. *Hydru8, 7%e Water»snake^ 10 

40. * Touchan, The American Goose, 9 

41. Mons Mensse, The Table Mountain, SO 

42. *I*raxitelf»,YclCela8culptoria,Tfte 
GraverU or Engraver's Tools, , 16 

43. *£«ittlmi8 Pictorius, The Painter's 
E<uel, ... 8 

44. *Dorado, or Xiphias, The Sword 
FifA, 

45. Arga Navis, The^up Argo^ 

46. *Pi8ci8 Yolans, The-Flying Fiah, 
4J. <IRobnr Caroli, Charles's Oak, 



6 
64 

8 
12 



CanopQi, !• 



6 



26 
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An Alphabdical lAstoftheConsiellations wUh the 
Right Ascension {R.) and Declinaiion (D.) of the 
middle of eachf for the ready finding them on the 
Globe. 

N. B. The figure! id the left hand eolqmn refer to the niimben in the 
preceding tubles, where the English names of the constellations are 

Si^en, together with the number of stars in eadi, and the names of 
le principal stars : the letter N or S, immediately following the 
name of theiconsteilation, shows whether it be north or south of the 
lodiac ; if the oonstellation be situated in the lodiac it has the letter 
Z annexed to it. N and 8 in the column marked D, point out wheth- 
er the middle of the constellation has north or south declination. 





. R. 1 D. 


19 


Andromeda. N. 


14 1 54 N. 


6 


Anttn5ns. N. 






292 





94 


Apus, vel Avis Indica. 8. 


• 




252 


75 8. 


11 


Aquarius. Z. - - 






555 


4 8. 


6 


Aqttila.N. 


• 




295 


8 N. 


28 


Ara. 8. ... 






255 


55 8. 


1 


Aries. Z- 


• 




50 


22 N. 


45 


ArgoNavi&S. - 






115 


50 8. 


10 


Asterion et Chara. N. 


. 




200 


40 91. 


53 


4.uriga. N. 






75 


45 N. 


11 


Bootes. N. . . - 


• 




212 


20 N. 


n 


Brandenburgium Sceptrum. 8. 
Cameleopaidalus. N. - 
Cancer. Z. - - 






67 


15 8. 


52 


. 




68 


70 N. 


4 






128 


20 N. 


15 


Canis Major. S. 


. 




105 


20 8. 


5 


Canis Minor. S. 






120 


5 K. 


10 


Capricomus. Z. • - 


. 




510 


20 8. 


51 


Caput Medusae. N. 






44 


40 N. 


30 


Cassiopeia. N. 


• 




12 


60 N. 


20 


Centaurus. 8. - • 






200 


50 8. 


29 


Cepheu8.N. . 


• 




558 


65 N. 


1 


Cetu8.&. ... 






25 


12 8. 


15 


Cerberus. N. 


• 




271 


22 N. 


iT 


ChamcBleon. 8. • « 






175 


78 8. 


25 


Circinus.S. - . - 


• 




222 


64 8. 


14 


Columba Noachi. 8. 






85 


55 8. 


9 


Coma Berenices. N. - 


• 




185 


26 N. 


25 


CorCaroli.N. 






191 


59 N. 


SO 


Corona Australis. 8. - 


« 




278 


40 8. 


12 


Corona Borealis. N. 






255 


50 N. 


19 


Corvus. S. • • • 


. 




185 


15 8. 


18 


Crater. 8. . . , 






168 15 8. 


25 


Crux. S. . . y 


• 




185 60 8. 


2T 


Cygnus. N. - - . 






508 42 N. 


17 


Delphinus. N* •^ ^ 


• 




508 


15 N. 


44 


Dorado or Xiphias. 8. 






75 


62 8. 


26 Braco. N. " - . , 
T Equulus. N. . . , 


. 




270 


66 N. 






516 


5 N. 


43iEquuleu8 Pictorius. S. 


. 




84 


55 S. 


2 EridaBU8.S 1 


60l 


10 s. 
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11 


Fornax Chemica. S, 


1 


42 


30 & 


3 


Gemini. Z. , • . 








111 


32 N. 


d£ 


GfU8.S. 








330 


45 8. 


13 


Hercules. N. 








255 


22 N. 


37 


Horologium. S. - - 








40 


60 S. 


6 


Hydra. S. 








139 


8 S. 


39 


Hydrus. S. 








28 


68 S. 


31 


Indus. S. - * 








315 


55 6. 


28 


Lacerta. N. - • 








336 


43 N. 


5 


Leo Major. Z. - - • 








150 


15 N. 


8 


Leo Minor. N. 








150 


35 N. 


13 


Lepus. S. . - . 








80 


18 S. 


7 


Libra. Z. 








226 


8 S. 


21 


Lupus. S. . - - « 








230 


45 8. 


34 


Lynx. N. - - - 








111 


50 N. 


U 


Lyra.N- 

M achlna PneumaiiGa. S. 








283 


38 N. 


17 








150 


32 8. 


8 


Microflcopium. S. - . . . 






, 


315 


35 8. 


i 


Monoceros. S. - - 








110 





1 


Mons Mxnalus. N. 








225 


5 N. 


41 


Mons Mens** 8« - • 








76 


72 8. 


22 


Musca. N. • « . 








40 


27 N. 


S6 


Musca AnstraUs, vd Apis. S» 








185 


68 8. 


22 










242 


45 8. 


35 










310 


80 8. 


10 


Offieina S^ulptona. S. 








3 


38 a 


3 


Orion. S. - " " 








80 





33 


Pavo.S. - - - • 








302 


68 a 


18 


Pegasus. N. - 








340 


14 N. 


31 


Perseus. N. - - * 








46 


49 N. 


36 


Phceniz. 8. - - - 








10 


50 a 


1ft 


Pisces. Z. ... 








5 


10 N. 


9 


Piscis noUut, yt\ Austrriis. a 








335 


30 a 


46 


Pisces volans. 8. - " 








127 


68 8. 


42 


Pnixitele8,velcelaScalptorla. 8. 








68 


4oa 


16 


Pyxis Nautica. S. - 
ReticulusBhomboidalis. 8. - 








130 


30 a 


38 








62 


62 a 


47 


Robur Caroli. 8. 








159 


50 8. 


9 

16 


Sagittarius. Z. - - 
tagitU. N. - - • 








285 
295 


18 N. 


7 


Sextans. S. ... 








5 





8 


Scorpio. Z. 








2a 


26 8. 


5 


Scutum Sobieski N. - 








275 


10 a 


2 


Serpens. N. 








235 


ION. 


3 


Serpentarius. 8. - - 








260 


13 N. 


2 


Taunts. Z. - - . 








65 


16 N. 


4 


Taurus Poniatowski. N. 








275 


7N. 


29 










278 


50 a 


40 


Touchan.S. . » . 








359 


66 a 


20 


Triangulum. N. 








27 


32 N. 


24 


Triangulum Australe. a * 








238 


65 a 


21 


Triangulum Minns. N^ • « 
Ursa Major. N. 








32 


.28 N. 


24 








153 


60 N. 


23 


Ursa Minor. N. * 








235 


75 N. 


6 


Virgo. Z, - • - 








195 


5 N. 


15 


VulpeculaelAnser. N. - 








300 


25 N. 


U 


Xiphias. 8 


75 


62 a 
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Explmaium of fhed^ereni emhUmaiiMl Figum deJm«cM«H the 
Surfaet o/ihe CeUttial Globe. 

I. THE CONSTELLATIONS IN THE ZODIAC. 

It ifl coDJeciared that the figures in the signs of the iodine are de* 
ecriptive of the seasons of the year, and that they are Chaldean or 
Egyptian hieroglyphics, intended to represent some remarkable occur- 
rence in each montn. ThuK, the spring signs were distinguished for the 
production of those animals which were held in the greatest esteem, 
▼iz. the sheep, the black-cattl<«, and the goats ; the latter being the 
most prolific, were represented by the figure of Gemini.— When the snn 
enters Cancer, he discontinues his progress towards the north pole, and 
begins to return towards the south pole. This retrograde motion 
was represented by a Crab, which is said to go backwards. The heat 
that usually follows in the next month b rqiresented by the Lion, an 
animal remarkable for its fienseness, and which, at this season was fre- 
quently Impelled through thirst, to leave the sandy desert, and make 
its appearance on the banks of the Nile. The sun entered the 6th sign 
about the time of harvest, which season was therefore represented by a 
▼irgin. or female reaper, with an ear of com in her hand. When the 
8un enters Libra, the days and nights are equal all over the world, and 
seem to observe an equilibrium, like a balance 

Autumn, which produces fruits in gr^t abnndanoB, brings with it a 
variety of diseases : this season is represented by that venomous animal 
the Scorpion, who wounds with a sting in his tail as he recedes, fhe 
fiill of the leaf was the season for hunting, and the stars which marked 
the sun's path at this time were represented by a huntsman, or archer, 
with his arrows and weapons of destruction. 

The Goat, which delights in climbing and ascending some mountain 
or precipice, is the emblem of the winter solstice, when the sun begins 
to ascend from the southern tropic, and gradually to increase in height 
for the ensuing half year. 

Aquarius, or the Water-bearer, is represented by the figure of a man 
pouring out water from an urn, an emblem of the dreary and uncomfort- 
able season of winter. 

The last of the nodiacal constellations was Pisces, or a couple of fish- 
es, tied back to back, representing the fishing season. The severity of 
the winter is over, the flocks do not afford sustenance, but the seas and 
rivers are open, and abound with fish. 

The Chaldeans and Egyptians were the original inventors of astro* 
nomy ; they registered the events in their hhUyjcj, and tlie mysteries 
of their religion among the start by emblematical figures. The Greeks 
displaced many of the Chaldean constellations, and placed such images 
as had reference to their own history in their room. The same method 
was followed by the Romans ; hence, the accounts given of the signs of 
the nodiac, and of the constellations, are contradictory and involved in 
fable. 

IL THE NORTHERN CONSTELLATIONS. 

Hovs Msir ALUS. The mountain Msnialus in Arcadia was sacM 
to the Kod Pan, and frequented by shepherds : 'it reoisiyed its name from 
Msenilus, a son of Lycaon, king of Areadia« 
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SBBPKVsig aim called SbfTefuOlpAtttCillt, being gnuped by the handi 
of Opkiuchus. 

Sebpbntarius, Opftmehw, or JEseuiapiut^ is repreflented witb a 
large beard, and holding in tiis two baods a serpent. The lerpent was 
tiie symbol of medicine, and of the gods who presided over it, as Apollo 
and ^sculapius, because the ancient physicians used serpents in their 
prescriptions. 

Taubus Pohiatowbki was so called In honour of Count Poniup 
towski, a polish officer of extraordinary merit, who saved the life of 
Charles Xll. of Sweden, at the battle of Puitowa, a town near the 
JDneiper, about 150 miles south-east of Kiow ; and a second Ume at the 
island of Bugen, near the mouth of the river Oder. 

SciTTiTii SoBiBSKi WBS SO named by Hevelius, In honour of John 
Sobieski, king of Poland. Hevelius was a oelebraled astronomer, bom 
at Dantzick ; his catalogue of fixed sUrs was entitled Firmamentum 
Sobiesktanumj and dedicated to the kins of Poland. 

AaviL4 is supposed to have been Merops, a king of the Island of 
Cos, one of the Cyclades; who, according to Ovid, was changed into 
an eagle, and placed among the constellations. 

Antinous was a youth of Bithjrnia in Asia Minor, a great favour- 
ite of the emperor Adrian, who erected a temple to bis memory, and 
plac^ him among the constellations^— Antindus is generally reckoned 
a part of the constellation Aquila. 

£«kVULiT8, the little horse, or EquiSedio, the horse's heed, is supposed 
to be the brother of Pegasus. 

Lko Mihob was formed out of the StdUe Infcrmei^ or unformed 
stars of the ancients, and placed above Lbo, the lodiacal oonstellatioB. 
Accordinz to the Greek Fables, Lse was a celebrated Nenusan lioa 
which had dropped from the moon, but being slain by Heroales, wet 
elevated to the heavens by Jupiter, in commemoration of the dreadful 
conflict, and in honour of that hero. But this constellation wasa- 
mongstthe Egyptian hlero^jrphics, long before the Invention of the 
fables of Hercules. See the Zodiacal constellations, paee 28. Nemea 
was a town of Arsolis in Peloponnesus, and was infested oy a lion whicii 
Hercules slew, and clothed himself in the skin : games were Instituted 
to commemorate this great event. 

CoMiL Bbbekicbb is composed of the unformed stars, between the 
liion's tail and Bootes« Berenice was the wife of Evergetes, a surname 
signifjring benefactor ; when he went on a dangerous expedition, she 
vowed to dedicate her hair to the goddess Venus if he returned ip safe- 
ty. Sometime after the victorious return of Evergetes, the locks whicli 
were in the temple of Venus disappeared •/ and Conon, an astronomer* 
publicly reported tliat Jupiter had carried them away, and made them 
•eoBStellatlon* 

AsTxBioH CT CHABA, vBL Cavbs Vkv atici, the two greyhoonds« 
held in a string by Bootes ; they were formed by Hevelius out of the 
SteUa In/brmes, of the ancient catalogues. 

Bootes is supposed to be Areas, a son of Jupiter and Calisto ; Juno, 
who was jealous of Jupiter, chanced Calisto Into a bear, she was near 
being killed by her son Areas in nunUng. Jupiter, to prevent fiurther 
injury from the huntsmen, made Calisto a constellation of heaven, and 
on the death of Areas, conferred the same honour on him. Bdotes Is 
represented as a man in a walking posture, grasping in his left hand a 
club, and having his right hand extended upwards, holding theoord of 
the two dogs Asterion and.Chara, which seem to be barking at the 
Great Bear ; hence Bbotes Is sometimes called the bear-driver, and the 
oi&ce assi^ed hun is to drive tbe two been loimd about the pole* 
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CoBOVA BoBSAUs it a betotiral crown givw by Baediui, the ion 
of Jupiier, to Ariadne, tkie daughter of MinoB, second king of Crete. 
Baccnuf ii said to have married Ariadne after she was baaely deserted 
bv Theseos, king of Athens, and after her death the crown which 
Bacchus had given her was made a constellation. 

HsRcviiBs is represented on the Celestial globe holdine a dub in 
his right hand, the three-headed dog, Cerberus, in his left, and the skin of 
the Memasan Lion thrown over his shoulders. Hercules was the son of 
Jupiter and Alcmena, and reckoned the most famous hero in antiauity* 

CxBBSBVB was a dog belon^ng to Pluto, the god of the infernal 
regions ; this dog had fifty heoids, according to Hesiod, and three ac- 
eordins to other mythologists : he was stationed et the entrance of the 
inremal regions, as a watchful keeper, to prevent the livine from entei^ 
ing, and the dead from escaping from their confinement. The last and 
most dangerous exploit of Hercules was to drag Cerberus from the in- 
fernal regions, and bring him before Eurysiheus, kingof Akos. 

Ltbjl, the Wreor harp, is included in Vultur Cadens. 'Hiis constel- 
lation was at first a tortoise, afterwards a lyre, because the strings of 
the lyre were originally fixed to the shell of the tortoise : it is asserted 
that this is the lyre which Apollo or Mercury gave to Orpheus, and 
with which he descended the infemal regions, in search of his wife Eu- 
rydice. Orpheus, after death, received divine honours ; the Muses 

Sve an honourable burial to his remains, and his lyre became one of 
B constellations. 

V1TLPBCIT1.A. BT AvBBB, the Fox and the Goose, was made by He» 
velius out of the unformed stars of the ancients. 

Sagitta, the Arrow. The Greeks say that this constellation owes 
its origin to one of the arrows of Hercules, with which he killed the ea- 
^ or vulture that perpetually gnawed the liver of Prometheus, who 
was tied to a rock on Mount Caucasus, by order of Jupiter. 

DBLPBiiriTs, the dolphin, was placed among the constellations by 
Neptune, because, by means of a dolphin, Amphitrite became the wife of 
Vejjtune, though she had made a vow of perpetual celibacy. 

Pbgasvs, the winged horse, according to the Greeks, sprung from 
the bk>od of the Gorgon Medusa, after Perseus, a son of Jupiter, had 
cut off her head. Peeasus fixed his residence on Mount Helicon in 
BcBolia, where, by striking the earth with his foot, he produced a foun* 
tain called Hippocrene. He became the favourite of the Muses, and 
being afterwaras tamed by Neptune, or Minerva, he was given to BeN 
lerophon to conquer the Chimeera, a hideous monster that continually 
vomited flames : the foreparts of its body were those of a lion, the mid- 
dle was that of a goat, and the Mnderparts were those of a dragon ; it 
had three heads, via, that of a lion, a goat, and a dragon. After the de- 
•traction of this monster, Bellerophon attempted to fly to heaven upoif' 
Pegasus, but Jupiter sent an insect which stung the horse,^ so that he 
threw down the rider. Bellerophon fell to the earth, and Pegasus con- 
tinned his flight up to heaven, and was placed by Jupiter among the 
constellations. 

AvDBOMBBA IS represented on the celestial globe by the figure of 
A woman almost naked, having her arms extendi, and chained by the 
wrist of her right arm to a rock. Slhe was the daughter of Cepheus, king 
of iEthiopia, who, in order to preserve his kinzdom, was obliged to tia 
her naked to a rock near Jpppa, now Jaflb, iu Syria,, to be devoured by 
a sea*monster ; but^e was rescued by Perseus, in his return from the 
conquest of the Goi^ons, who turned the monster into a rock by show- > 
lag it the head of Medusa. Andromeda was made a const^ation after 
iher death, by Minerv4> 
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TsiAHGViiirH. AiriaDgleisftwell known figure in geometry; it 
was placed in the heavens in honour of the most fertile part of Egypt^ 
being called the delta of the Nile, from its resemblance to the Greek let- 
ter of that name ^. The invention of Geometry is usually ascribed to 
the Egyptians, and it is assorted that the annual inundations of the Nile, 
which swept away the bounds and land*marks of estates, gave occasion 
to it, by obliging the Egyptians to consider the figure and quantity be- 
longing to the several proprietors. 

UneA SiiiJon, is said ^ be Calisto, an attendant df Diana, the god* 
dess of hunting. Calisto nvas changed Into a bear by Juno.— ^SSee <to 
ContteUtUwn £oo<es.— It is farther stated that the ancients represented 
Ursa Major and tJrsa ^inor, each under the form of a wagon, drawn 
by' a team of horses. Ursa Migor is well known to the country people 
at this day by the title of Charleses Wain or wagon ; in some places il 
is called the Plough. There are two remarkable stars in Ursa Migor» 
considered as the nindmost in the square of the wain, called the point- 
ers, because an imaginary line drawn through these stars and extended 
npwards will pass near the pole star in the tail of the Little Bear. 

Con Caroli^ or Charles's heart, in the neck of Chara, the southern- 
most of the two doss held in a string by Bootes, was so denominated 
1^ Sir Charles Scarborough, physleian to king Charles ILin honour of 
king Charles I. 

Beaco. The Greeks give various accounts of this constellation ; by 
some it is represented as the watchful dragon which guarded the golden 
apples in the garden of the Besperldes, near Mount Atlas in Africa; 
and was slafai by Hercules : Juno, who presented these apples to Jupiter 
on the day of their nuptials, took Draco up to heaven, and made a con- 
8tellation;of it as a reward for its faithful services ; others maintain, 
that in a var with the giants, this dragon was broucht into combat, 
and opposed to Minerva, who seined it in her handfljjand threw it, twist« 
ed as it was, into the heavens round the axis of the earth, before it had 
time to unwind its contortions. 

Ctgvvs is fabled by the Greeks to be the swan under the form of 
which Jupiter deceived Leda, or Nemesis, the wife of Tsmdarus, king 
of Laconia. licda was the mother of Pollux and Helena, the most 
beautiful woman of the age ; and also of Castor and Clytemnestra* 
The two former were deemed the offspring of Jupiter, and the othen 
claimed Tyndarus as their father. 

Ijacbbta., the lisard, was added by Hevelius to the old oonsteUa* 
tlons. 

Cassiopeia was the wife of Cepbeus, and mother of Andromeda* 
See ihe$€ cmBtdkUionSj at alto Cefiit. 

Cbphbvs was a kins; nf Ethiopia, and the father of Andromeda by 
Cassiopeia ; Cepheus was one or the Argonauts who went with Jason 
to Colchis to fetch the golden fleece. 

Pbbsbus is rcmresented on the globe with a sword In his right hand, 
the head of Medusa in his left, and wings at his ancles. Perseus was 
the son of Jupiter and Danae. Pluto, the god of the infernal rejgions, 
lent him his helmet, which had the power of rendering its bearer invisi- 
ble ; Minerva, the goddess of wisdom,, furnished him with her buckler, 
which was resplendant as glass ; and he received from Mercuiy wings 
and a dagger or sword ; thus equipped, he cut off the head of Medusa, 
and from the blood which dropped from it in his passage through the 
air, sprang an innumerable quantity of serpents which ever after infest- 
ed the sandy deserts of Lybia. Medusa was one of the three Gorgons 
who had the power to turn into stones all those on whom they fixed 
their eyes; Medusa was the only one subjeet to mortality | she was 
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Mkbnted for the beauty of ber lockp, but having violatdl the mnetitf 
of the temple of Minerva, that goddew changed ber locks into lerpenta. 
Bee the eontteilaiitm Andromeda. 

Camblbopabdalub was formed by Hevelius. The Cameleopard ii 
femarkably tame and traetable; its natural properties resemble those 
of the camel, and its body is variegated with spots like the leopard. 
This animal is to be found in Ethiopia and other parts of Africa ; its 
Beck is about seven feet lone, its fore and hind leg9 from the hoof to the 
second joint are nearly of the same length ; but from the second joint 
of the legs to the body, the forelegs are so long in comparison with the 
hind ones, that the bod^r seems to £>pe like the roof of a house. 

AvBiGA is represented on the celestial ^obe, by the figure of a 
■an in a kneeling or sitting posture, with a goat and her kids io his 
left hand, and a bridle in his right. The Greeks give various accoiiuts 
of this constellation; some suppose it to be Erichtbonius, the fourth 
king of Athens, and son of Vulcan and Minerva ; he was very defonn- 
•d, and his legs resembled the tails of serpents ; he is said to have in- 
rented chariots, and the manner of harnessing horses to draw them. 
Others say that Auriga is Mirtilus, a sob of Mercury and Phaetusa ; 
he was charioteer to OSnomaus, king of Pirn, in £tis, and so experienced 
in riding and the management of horses, that he rendered those of 
CEbomaus the swiftest in all Greece : his infidelity to his master pro- 
ved at last fatal to him, but being a son of Mercury, he was made a coup 
stellation after his death. Botes neither of these fables seem to account 
for the goat and her kids, it has been suoposed that they refer to A« 
malthsa, daughter of Melissns, king of Crete, who, in conjunction with 
lier sbter Melissa, fed Jupiter with goat's milk ; it is moreover said, 
that Amalthssa was a goat caUed Olenia, from its residence at Olenus, 
n town of Peloponnesus. 

The liTMX was composed by Hevelius out of the unformed stars of 
the ancients, between Aurigaand Ursa M^'or. 

m. THE SOUTHERN CONSTELLATIONS. 

Cbtus, the whale. Is pretended by the Greeks to be the sea-monster 
which Neptune, brotlwr to Juno, sent to devour Andromeda ; because 
her mother, Cassiopeia, had boasted herself to be fairer than Juno and 
the Nereides. 

EBioAniTg, the river Po, called by Virgil the king of rivers, was 
placed io the heavens for receiving Phaeton, whom Jupiter struck 
with thunder-bolts when the earth was threatened with a general con- 
flagration, through the ignorance of Phaeton, who had presumed to be 
able to guide the chariot of the sun. The Po is sometimes called Orion's 
river. 

Oaioir Is represented on the globe by the figure of a man with a 
sword in his belt, a club In his right hand, and a skin of a lion In his 
left band ; he is^sald by some ^authors to be the son of Neptune and 
Euryale, a ^mous huntress ; he possessed the disposition of his moth- 
er, became the greatest hunter In the world, and boasted that there 
was not any animal on the earth which he could not conquer. Others 
say, that Jupiter, Neptune, and Mercury, as they travelled over Boio- 
tla, m6t with great hospitality fromHyrieus. a peasant of the country, 
who was ienorant of their dignity and character. When Hyrieus had 
discovered that they were gods, he welcomed them by the volun- 
tary sacrifice of an ox. Pleased with his piety, the gods promised to 
graiithimwhat0verhersqaired,aiidtii€oldmaa who km latc^ly lost 
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hM wife, and towhcnn he made a promiife never to many again, deMretl 
them thai, ae he was childtees, they wouid t^ive him a son without o- 
hliging him to break his promise. I'he gods consented, and Orion was 
produced from the hide of an ox. 

MoNocsBOs, the Unicom, was added bv Herelius, and composed of 
stars which the ancients had not comprised within the oatHnes of the 
other constellations. 

Canis Minor, the Little Bog, according to the Greeli fables, is 
one of Orion's hounds; but^the EKyptinns were most probably the in- 
ventors of this consteilation, and as it rises before the dog star, which, 
at a particular season was so mach dreaded; it is propt riy represented 
as a little watchful creature, giving notice of the other's approach ; 
hence, the Latins have called it An tennis, the star before the dog. 

fiTDRAisthe water serpent, which, according to poetic fable, infested 
the lake Lema in Peloponnesus: this monster had a great number of 
hearts, and as soon as one was cut off another grew in its stead ; it was 
killed by Seraules. The general opinion is, that this Hydra was only 
a multitude of serpents w^ch infested the marshes of Lerna. 

SEXTANS, the ^extant, a mathematical instrument well known to 
mariners, was fiormed by Hevelius from the Stella Informzt of the an- 
cients. 

MicmnscopiUM, the Microscope, is an optical instrument composed 
of lenses or minors, so arranged, that by means of which very minute 
objects may be clearly and distinctly viewed. 

Piseis Air6THAi.is, the southern fish, is supposed by the Greeks to 
be Tenus, who transformed herself into a fish, to escape from the ter« 
rible giant Typbon. 

'. Lgfus, the hare, according to the Oreek fables was placed near Ori< 
on. as being one of the animals which he hunted. 

C AVIS Ma JOB, ttie Great Dog, according to the Greek fables is one 
of Orion's hounds; (Ses Canu Minor) but the Egyptians, who careful* 
ly watched the rising of this constellation, and by it judged of the swel- 
line of the little, called the bright star Sirius, the eentinel and watch of 
the year : andf according to their hieroglyph ical manner of writing, rep* 
resented it under the figure of a dog. The Egyptians called the Nile 
Siris^ and hence is derived the name of their deity OHrU, 

CoRvus, the Crow, was. according to the Greek fables, made a con* 
ftellation by Apollo ; this god being jealous of Coronis(the daughter of 
Phlegyas and mother of ^sculapius) sent a crpw to watch her beha-^ 
viour : the bird, perched On a tree, perceived her criminal partiality to 
Ischys. theThessalian, and acquain^d Apollo with her conduct 
' Cbntaurus. TheCentauri were a people of Thessaly, half men and 
half horses. The Thessaliaps were celebrated for their skill in taming 
horses, and their appearance on horseback was so uncommon a sight 
to the neighbouring states, that at a distance they imagined the man 
and horse to be one animal : when the Spaniards^ landed In America 
and appeared on horseback, the Mexicans had the i^me ideas This 
€onstefiation is by some supposed to represent Chiron the Centaur, tu- 
tor of Achilles, ^sculapius, Hercules, &c. ; but as Sagittarius is like* 
wise a Centaur, others have oonletided that Chiron is re^esented by 
Sagittarius. 

Crux, Critsbbo or Cbosibb. There are four stars in this constel* 
lation forming a cross, by which marioer^, sailing in the southern hem* 
i^phere, readily find the situation of the Ajtitarctie pole. 

Aba is supposed to be the altar on which the gods swore before their 
^mbatwith thegiantSt 

• . . ^ . 7 
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Abgo Vkvu if mM to be the ihip Ar«o, wkM oMrM JatoH •■< 

the Argonauts to Colchis to feteh tbe golden fleece. 

BoBVR Caboli, or Charles's Oak, wan so called by Br. Halley, la 
memory of the tree in which Charles II. saved himself from his pnrsoerf, 
after the battle of Worcester. Dr. Halley went to 8t. Helena, la the 
▼ear 1676, to take a catalogue of such stars as do not rise above the 
horiaoa of London. 

91. Galait, via lactsa, er MUky^wajff is » 
whitish, lumiDOUB tract, which seems to encompass the 
hea vens like a girdle, of a considerable, though une- 
qual breadth, varjing from about 4 to 20 degrees. It ia 
composed of an infinite number of small stars, which by 
Iheir joint light, occasion that confused whiteness which 
we perceive in a clear night, when the moon does not 
shine very bright. The Milky-way may be traced on* 
the celestial globe, beginning at Cygnus, through Ce- 
pheua, Cassiopeia, Perseus, Auriga, Orion's club, the 
feet of Gemini, part of Monoceros, Argo Navis, Robur 
Caroli, Crux, the feet of the Centaur, Circinus, Quadra 
Euclidis, and Ara ; here it is divided into two parts ; 
the eastern branch passes through the tail of Scorpio, 
the bow of Sagittarius, Scutum Sobieski, the feet of An- 
tinous, Aquila, Sagitta, and Yulpecula ; the western 
branch passes through the upper pa^t of the tail of 
Scorpio, the right side of Serpentarius, Taurus Poniap 
towski, the Goose, and the neck of Cygnus, and meets 
the aforesaid branch in tbe body of Cygnus. 

92. NE:BnL0us, or cloudy^ is a term applied to cer- 
tain fixed stars, smaller than those of the 6th magnitude, 
which only show a dim hazy light like little specks or 
clouds. In Prssepe, in the breast of Cancer, are reckon- 
ed 36 little stars ; F. le Compte adds, that there are 40 
such stars in the Pleiades, and 2600 in the whole constel-r 
lation of Orion. It may be further remarked, that the 
i\Iilky-way is a continued assemblage of Nebuls. 

93. Batbr's characters. John Bayer, of AugSr 
burg in Swabia, published in 1603 an excellent work, 
entitled Vranomkria^ being a complete celestial atlas of 
all the constellations, with tbe useful invention of de- 
noting the stars in every constellation by the letters of 
the Greek and Roman Alphabets; setting the first 
^reek letter « to the principal star in each constellation, 
f to the second in magnitude, y to the thik*d, and so on, 
and when the Greek alphabet was finished, he began 
with a,&,c, &c. of the Roman. This useful nietho4 



of deioribtBg the ntfurs has been adopted by all succeed- 
jqg astroQumers, who have farther enlarged it hy adding 
the AQiabers, ]» 2, 3, &c. in the aame regular succession, 
when 9Luy censlellatioo coutains more stain thao cao be 
4Darfced by the two alphabets. The .figures are, how- 
,evjer, sqmetiiyieB placed above the Greek letter, espe- 
piwtlly wl^ere double altars occur, for though many stars 
msiy appear single to the naked eye, yet, when viewed 
ttirough a telescope of considerable magnifjing power, 
they aApear double, triple, &c. Thus in Dr. Zach'sTa- 
,bul8e Blotuuin^SoUs, we meet with/ Tuiri, /s Tauri, #* 
Tauri, ^ Tauri, &c. 

As the Greek letters so frequently occur in catalogoes^of the stars and 
.on the celestial globes, the Greek alphabet is here introduoefl for the 
nse of those who are nnacquaintedl with the letters. The capitals are 
jseldom used in the catalogue of stars, but are here given for the sake of 
regularity. 

THE GREEK ALPHABET. 

A « Alpha a 

B gS Beta b 

r yf Gamma g 

A ^ Delta d 

£ f EpsiloD e short 

Z ^ 2;eta z 

H 9 Eta eloog 

e 3^ Theta th 

1 I Iota i 
K » Kappa k 
A A Lambda I 

^^ M fA Mu n 

M r liu 11 

S I X X 

o • OmicroD o short 

n «v Pi p 

B ^^ Bho t 

2 «^ Sifi:ma s 
■ ' f -n Tau t 

t 9 tJpsiloD u 

« f Phi ph 

X ^ CM di 

* 4^ P«i pa 

A » Onega o loo; 

94« pLAir«isi lire opaqi^e bodies, awilar to our earthy 
^hich move round the sun in certain periods of time- 



S6 • 0EFlNmON6, iBt. 

They shine not by their own light> but bjthe refleetibn 
of the light uhich they receive from the sun* The 
planets are distinguished into primary and aecondtiry. 

95* The Primary plaitets regard the bub aa th^r 
eentre of motion. Tiiere are 7^ Primary planets^ dia- 
tinguished by the following characters and names^ tiz. 
$ Mercury, 9 Venus, ® the earth, % Mars, V Jupi- 
ter, 1} Saturn, and V the Oeorgium Sidosr 

96 The Sbcoitdart planets^ satelliCes or moons, 
regard the primary planets as their centres of motion : 
thus the moon revolves round the Barth, the satellites of 
Jupiter move round Jupiter, &c. There are 18 secon- 
dary planets. The earth has one satellite, Jupiter /otir, 
Saturn seren, and the Georgium Sidus 8ix* 

97. The Orbit of a planet is the imaginary path it 
describes round the sun. The earth's orbit is the 
ecliptic. 

98. Nodes are the two opposite points where the 
orbit of a planet seems to intersect the ecliptic. That 
where the planet appears to ascend from the south to 
the north side of the ecliptic, is called the ascending or 
north node, and is marked thus Q ; and the opposite 
point where the planet apitears to decend from the north 
to the south, is called the decending or south node, and 
is marked {J. 

99. Aspect of the stars or planets, is their situation 
with respect to each other. There are five aspects, 
viz. 6 Conjunction, when they are in the same sign 
and degree ; ^ Sexliley when they are two signs, or # 
sixth part of a circle, distant ; q Qtiar^tle, when they 
are three signs, or a fourth part of a circle, from each 
other; ^ Trine, when they are four signs, or a third 
part of a circle, from each other ; ^ OppoaUionf when 
they are six signs, or half a circle, from each other. 

The conjunction and opposition (particularly of the 
moon) are called the Sysygies ; and the quartile aspect, 
the Quadratures. 



^ • An eighth primary pkuset called Ceres, was dlMovpred by M. Pia«. 
si of Palermo, in Sicily, on the first of January 1801 ; a ninth called 
PaUas, was discovered by T>r. Olbers, of Bremen, on the S8th of March, 
IMt; and Qthen have sinoa been discovered. SevF^arl II. Chap. U 
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100. Direct. A planet's motion is said to be di- 
rect when it appears (to a spectator on the earth) to go 
forward in the zodiac acl;ord;ng to the order of the signs. 

101. Statiomart. a pianet is said to be station- 
ary, when (to an observer on the earth) it appears for 
some t|me in the same point of the heavens. 

102. Retrograde. A planet is said to be retrograde, 
when it apparently, goes backward, or contrary to the 
order of ttie signs. 

103. Digit, the twelfth part of the sun or moon's 
apparent diameter. 

104. Disc, the face of the sun or ^oon, such as they 
appear to a spectator on the earth ; for though the sun 
and moon be really spherical bodies, they appear to be 
circular plains. 

105. Oeoceittric latitiides and longitudes of the 
planets, are their latitudes and longitudes as seen from 
the earth. 

106. HlBLTOcr.vrTRic latitudes and longitudes of the 
planets, are their latitudes and longitudes, as they would 
appear to a spectator situated in the sun. . 

107. Apogee or Apogieum is that point in the orbit 
of a planet, the moon, &c. which is farthest from the 
earth. 

108. Perigee or Perigaeum is that point in the orbit 
of a planet, the moon, &c. which is nearest to the earth* 

109. Apheligit or Aphelium is that point in the 
orbit of the emrth, or of any other pianet, which is far- 

' thest from the sun. This point is called the higher 
Apsis. 

110. Periheliok or Perihelium is that point in the 
orbit of the earth, or of any other planet, which is near- 
est to the sui>« This point is called the lower Apsis. 

111. Live of the apsides is a straight line joining 
the higher and lower Apsis of a planet ; viz. a line join- 
ing the Aphelium and Perihelium. 

112. EcGENTRiciTT of the orbit of any planet is the 
distance between the sun and the centre of the planet's 
orbit. 

1 13. OccvLTATiON 18 the obscuration or biding frojBL 
our sight any star or planet, by the interposition of the 
body of the moon, or of some other planet. - 

114* Tbaitsit is the apparent passage of any planet 



mrer the bfm of lite tae, or over the liKe of fttiotfaer 
fpianet. Mer car/ a»d Venus, in their truuitA over the 
jiiie's dUbCy appear like der JE apecke* 

115. ficLiPSfi OF THB avff is an occidtotieii of part 
fil the &c% of the eiiB, occaeifMieil by an ioterpoaitioB of 
the moon betireeB the eorth aod the suo ; conaequent- 
Jjr aUeoJ^ea of the attn happeja at the time of new moon. 

116. £liCLiP8B OF THfi MOoiT IS E priifation of ihe 
light of the moon, occasioned by an interposition of the 
learlhbe^eettthe ftttoandthe moon; conaeiiueatly all 
eclipses of the moon happen at full moon. 

117. EitQ^roATioir of a planet is the angle Airmed 
bf tmo Uoes draarn fisom the eet>th» Ihe one to the smr 
juad ihe other lo the fdaaet*. 

118. DiuRffAL ARCH IS tho- arch deacriihed by the 
matkf moottf or sdars, from their i'laing to their setting. — 
The sun's soan-diurBal arch is the aneh deacribc^ in 
half the length of the day. 

119. NocTfTRVAL AACH IS the arch described by the 
nw, moon, or stars, from their setting to their rising. 

120. Aberratiok is an apparent motfon of the celea- 
tial bodies, occaswaed by the earth'a anaiial motion in 
lis orbit, combined with the progreasive motion of l^ht. 

121. CfiiTTRiPETAL FORCE is that forcc with which 
AimoTing body is perpetunlly urged towards a centre, 
jtnd made to r^viAve in a eur^e instead of proceeding in 
a straight line, for all motion is naturally rectilinear. — 
Centripetal force, attraction, and gravitatiM, are terma of 
the same import* 

122 Centrifugal force is that force with wfaicha 
body revolving about a centre, or about anotter body, 
-endeavours toxecede from that oeoti)e,tor body.-^Thene 
are twohinds of centrifugal fbnce, viz. that which is given 
to bodies moving roond another body aa a centre, usual- 
ly ci^d the ProjeciUe Force^ and that which bodies 
acquire by revolving upon their own axis. Thus for 
example, the annual orbit of ike earth round the sun is 



*inil»anAtoi|ke^ tke pneediag definHionswe ghait to jnnatrata 
Um 38th and 59th pages of Whitc^ Bphemerip, €&ilted Speculum Ph^ 
mMnenorum. The words efor^fiuix. signify the gnsatent ^(on^Rtionpf 
a planet. In fkU Ml F^. a. £ reproeents the earth, V Venas, and S 
^lialNp. Sic a^iiitiaii it.iheai«la Tm^mswmihf the ardi V&. 
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deieribecl bj the tetioa of tli« eestri^lal Md pnJ€C«^ 
tile force! : — ^Andy the diuroal rotation of the earlli 
on its axis skives to all its parts a ciintrifugal force pro- 
portional to its veloeitj. Sir Iiaac Newton haa de** 
monstratedy that the *^ centrifugal force of bodies at 
tilie equator, is to the centrifugal force with which the 
bodies recede from the earth, in the latitude of PariSi in 
Ae duplicate ratio of tbe radios to the co*sine of the 
latitude. And, that the centripetal power in the lati<- 
lode of Paris, is to the ceiitififttgal loroe at theeifttatory 
as 2894^ is to 1/ 

GEOGRAPHICAL THEOREMS. 

1. THE latitude of any place is equal to the eleva? 
tion of the polar star (nearly) above the iiorizon; an4 
the eleration of the equator above the horizon, is equ^ 
to the compleoient of the latitude, or what the latitude 
wants of 90 degrees. 

2. All places lying under the equinootial, or on the 
equator have no latitude, and all places situated on the 
first Bieridian have no longitnde ; consequently, that par** 
ticular point on the globe where the first meridian inleiv 
sects the equator, has neither latitude nor longitude. 

3. The latitudes of plitoes increase as their distaneeA 
from the equator inct'ease* The greatest iatitude m 
place can have is 90 degrees. 

4* The longitudes of places increase as their distan- 
ces from the first meridian increase, reckoned on the 
equator. The greatest longitude a place can have is 
180 degrees, being half the circumference of the globe 
at that place ; hence, no two places can be ait a greater 
distance from each other than 180 degrees. 

5. The sensible horizon of any place changes as often 
as we change the place itself. 

6. Ail countries upon the face of the earth, in respect 
to time, equally enjoy the light of the sun» and are equal-* 
If deprived of th^ benefitof it ; that is, every inhabitant 
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of the earth has the sun above his horizon for six months, 
and below the horizon for the same length of time.^ 

7. In all places of the earth, except exactly under 
the poles, the dajs and nights are of an equal length 
(viz. 12 hours each) when the sun has no declination, 
that is, on the 21st of March, and on the 2dd of Sep- 
tember. 

^ 8. In all places situated on the equator, the days and 
nights are always equal, notwithstanding the alteration 
of the son's declination from north to south, or from 
south to north. 

9. In all places except those on the equator, or at the 
two poles, the days and nights are never equal, but 
when the sun enters the signs of Aries and Lt6ra, tiz. 
on the 21st of March, and on the 23d of September. 

10. In all places lying under the same parallel of lati- 
tode, the days and nights, at any particular time, are 
always equal to each other. 

11. The increase of the longest days from the equa- 
tor northward or southward, does not bear any certain 
ratio to the increase of latitude ; if the longest days in- 
crease equally, the latitudes increase unequally. This 
is erident from the table of climates. 

12. To all places in the torrid zone, the morning and 
evening twilight are the shortest i to all places in the 
frigid zones the longest ; and to all places in the temp- 
erate zones, a medium between the two. 



* This, though nearly tnie, is not accurately so. The refraction in 
high latitudes is very considerable (see definition 85th) and near the 
poles the sun will be seen for several days before he comes above the 
horizon; and he will, for the same reason, be seen for several days 
after he has desoended below the horizon.~-The inhabitants of the 
poles (if any) enjoy a very large degree of twilight, the sun being near- 
]▼ two months before he retreats 18 degrees below the horizon, or to 
the point where his rays are first admitted into the atmosphere, and he 
is only two months more before he arrives at the same parallel of lati- 
tude : and particularly near the north-pole, the light of the moon Is 
greatly increased by the reSection of the snow, and the brightness of 
the ALurora Borealis : the sun is likewise about seven days longer in 
fassiui; through the northern, t)ian through the southern signs ; that is^ 
from the vernal equinox, which happens on the ^Ist of march, to the, 
autnmnal equinox, which falls on the SiSd of September, being the sum- 
mer half-year to the inhabitants of north latitude, is t86 days; tbe win- 
ter half-year is therefore only 179 days* The inhabitants near the 
north-pole have consequently more light in the course of a yea^ t|m 
Uny Qdier inhabitaiits on the surfi&ce pf the globe* 



OEOORAPHICAL THEOREMS. 



41 



13. To all places lying within the toirid zone, the sun 
U vertical twice a year ; toUiose under each tropic once, 
but to those in the temperate and frigid zones, it is nev* 
er vertical. 

14. At all places in the frigid zones, the sun appears 
every year without setting for a certain number of days, 
and disappears for nearly the same space of time ; and 
the nearer the place is to the pole Ihe longer the sun 
continues without setting; viz. the length of the longest 
days and nights increases, the nearer the place is to th^ 
pole, 

15. Between the end of the longest day, and the be- 
ginning of the longest night, in the frigid zone, and be* 
tween the end of the longest night, and the beginning of 
the longest day, tl^ sun rises and sets as at other places 
JDO the earth. 

16. At all places situated under the arctic or antarc* 
tic circles^ the sun, when he has 23*^ 28' declination^ 
appears for 24 hours without setting ; but rises and sets 
at all other time» of the year. 

17. At all places between the equator and the north* ' 
pole, the longest day and the shortest night are when the 
aun has (23^ 28') the greatest north declination, and the 
shortest day and longest night are when the sun has 
the greatest south declination. 

18. At all places between the equator and the south* 
pole, the longest day and the shortest night are when the 
sun has (23® 28^) the greatest south declination ; and 
the sborteat day and longest night are when the sun has 
the greatest north declination. 

19. At all places situated on the equator, the shadow 
at noon of an object, placed perpendicular to the hori* 
zon, falls towards the north for one half of the year, and 
towards the south the other half. 

I 20. The nearer any place is to the torrid zone, the 
shorter the meridian shadow of objects will be. When 
the sun's altitude is 45 degrees, the shadow of any par* 
ticular object is equal to iis height. 

21 . The farther any place (situated in the temperate 
or torrid^ones) is from the equator, the greater the ris* 
ing and setting amplitude of the sun will be. 

22. Alt places situated under the same meridian, so far 
U the globe is enlightened, have noon at the same time* 

8 



42' GENERAL PROPERTIES OF MATFER. 

23. If a ship set out from any port, and sail round the 
earth eastward to the same port again, the people in that 
ship in reckoning their timey will gain one complete day 
at their return, or count one day more than those who 
reside at the same port. If they sail westward they will 
lose one day, or reckon one day less. To illustrate thi9» 
suppose the person who travels westward should keep 
pace with the sun, it is evident he would have continual 
day, or it would be the same day to him during his rour 
round the earth ; but the people who remained at the 
place he departed from, have had night in the same 
time, consequently they reckon a day more than he does. 

24. Hence, if two ships should set out at the same 
time, from any port, and sail round the globe, the one ^ 
eastward and the other westward, so as to meet at the 
same port on any day whatever, they will diflEer two 
days in reckoning their time at their return. If they 
sail twice round the earth they will diSbr four days ; If 
thrice, sis, &c. 

25. But, if two ships should set out at the same time 
from any port and sail round the globe, northward, or 
southward, so as to meet at the same port on any day 
whatever, they will not diBkr a minute in reckoning 
jtheur time, nor from those who reside at the port. 



CHAPTER 11. 

Of the Oeneral Properties of Matter atid the Law9 of 
Motion. 

1. MATTER is a substaqce whiah, by its different 
modifications, becomes the object or our five senses ; 
viz. whatever we can see, hear, feel, ti|ste, or smelly 
must be cQnsidere^ as matter, being the constituent 
parts of the universe. ^ * 

2. The pROf BRTias OF matter are eilension, fig* 
nre, solidity, motion, diyisibiUty, gravity, and vis iner- 
tia. These properties, which Sir Isaac Newton ob- 
serves* are the fopqdation of all philosophy, extend 
to the minutest particles of matter. 

* Newton*fl Priacip. Book UL-^-Hie third rale of reawniog io phi. 
losopby. 
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3» Extension, when considered as a property of 
matter, baa length, breadth, and thickness. 

4. Figure is the boundary of extension ; for every 
finite extension is terminated by, or comprehended un« 
der, some figure. 

5. SoLiDiTT is that property of matter by which it 
fills space ; or, by which any portion of matter excludes 
every other portion from that space which it occupies. 
This is sometimes defined the impenetrability of matter- 
ed Motion. Though matter of itself has no ability to 

move ; yet as all bodies, upon which we can make suit- 
able experiments, have a capacity of bemg transferred 
from one place to another, we infer that motion is a qua« 
lity belonging to all matter. 

7. DivisiBiLiTT of matter signifies a capacity of be- 
ing separated into parts, either actually or mentally. 
That matter is thus divisible, we are convinced by daily 
experience, but how far the division can be actually 
carried on is not easily seen. The parts of a body may 
be so far divided as not to be sensible to the sight ; and 
by the help of microscopes we discover myriads of or- 
ganized bodies totally unknown before such instruments 
were invented. A grain of leaf gold will cover fifty 
square inches of surface,* and contains two millions of 
visible parts: but the gold which covers the silver 
wire, used in making gold lace, is spread over a surface 
twelve times as great. From such considerations as 
these, we are led to conclude, that the division of mat- 
ter is carried on to a degree of minuteness far exceed- 
ing the bounds of our faculties. 

Mathematicians have shown that a line may be inde- 
finitely divided, as follows : 



Draw any line AC, and another BM A. 
perpendicular to it, of an unlimited^ ' 
^^gth towards Q ; and from any point' 
D, in AC, draw DE parallel to BM.^ 
Take any number of points, P,0,N, 
M, in BQ ; then from r as a centre, 
and the distance PB, describe the arch 
Bp, and in the same manner with O, 
N, M, as centres, and distances OB, 




1^ 






* Adant* Nat^ral and Experimental Philoiophy. Lect. JPOY. 
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NB9 and MB, describe the arches Bo, Bn, B9i|» Now 
it IS evident the farther the centre is taken from B, the 
nearer the arches will approach to D, and the line ED 
will be divided into parts, each smaller than the preced- 
ing one ; and since the line BM may be extended to an 
indefinite disfance beyond Q, the line ED may be indefi- 
nitely diminished, yet it can never be reduced to 
nothing, because an arch of a circle can never coincide 
with the straight line BC, hence it follows that £Dma7 
be diminished ad infiniium. 

/$• Gravity is that force by which a body endeavours 
to descend towards the centre of the earth. By this 
power of attracliou in the earth, all bodies on every p;^t 
of its surface are prevented from leaving it altogether, 
and people move round it in all directions, without any 
danger of falling from it. — By the influence of attraction^ 
bodies, or the constituent parts of bodies accede, or 
have a tendency to accede to each other, without any 
sensible material impulse, and this principal is univer- 
sity disseminated through the universe, extending to 
every particle of matter. 

9. Vis inertia is that innate force of matter by whick 
it resists any change. We cannot move the least par- 
ticle of matter without some exertion, and if one portion 
of matter be added to another, the inertia of the whole Id 
increased ; also, if any part be removed, the inertia i«4 di- 
minished. Hence, the via inertia of any body is propor- 
tional to its weight. 

10. Absolute and relative motion. Abodyii 
said to be in absolute motion, when its situation is chan- 
ged with respect to some other body, or bodies at rest ; 
and to be relatively in motion, when compared with 
other bodies which are likewise in motion. 

When a body always passes over equal parts of spac^ 
in equal successive portions of time, its motion is smr 
to be uniform. 

When the successive portions of space, described in 
equal times, continually increase, the motion is said to 
be accelerated ; and if the successive portions of space 
continually decrease, the motion is said to be retarded. 
Also, the motion is said to be uniformly accelerated 
or retarded, when the increments or decrements of the 
spaces, described in equal (mcceasive portions of time^ 
are always equal. 
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11. The Velocity of a body, or the rate of its mo- 
tion, is measmed by the space uniformly described in a 
given time. 

l^.* FoacE. Whatever changes, or tends to change, 
the state of rest, or motion of a body, is called /orce. If 
a force act but for a moment, it in called the force of 
percussion or impulse ; if it act constantly, it is called 
an acceierative force ; if constantly and equally, it ia 
called an uniform acceierative force. 



GENERAL LAWS OF MOTION. 

jAvr I. — " Every body perseveres in its state of restf 
« or uniform motion in a right /me, unless it is 
*^ compelled to change that state by forces impressed 
" thereon.^* — Newton's Princip. Book L 

Thus, when a body A is positively ^ q 
at rest, if no external force put it in ^ j% 

motion, it will always continue at rest. 
But if any impulse be given to it in the dire^ion AB, 
unless some obstacle, or new force, stop or retard ita 
motion, it will continue to move on uniformly, for ever 
in the same direction AB. — Hence any projectile, as a 
ball shot from a cannon, an arrow from a bow, a stone 
cast from a sling, &c. would not deviate from its first 
direction, or tend to the earth, but would go off from it 
in a straight line with an uniform motion, if the action of 
gravity and the resistance of the air did not alter and 
retard its motion. 



Law II. <* The alteration of motion, ^r the motion 

" generaied or destroyed^ in any body^ is propor* 

" tional to the force applied; and is made in the di' 

<< rection of that straight line in which the force acts*^ 

Newton's princip. Book I. 

Thus, if any motion be generated by a given force, a 
double motion will be produced by a double torce, a triple 
motion by a triple forre, &c. — and considering motion 
as an effect, it will always be found that a body receivea 
it9 motion in the same direction with the cavae that acta 
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upon it.---If the causes of motion be various, jtnd m dif- 
ferent directions, the body acted upon must take an 
oblique or compound direction.. Hence, a curvilinear 
motion cannot be produced by a simple cause, but must 
arise from the joint effect of different causes, acting at 
the same instant upon the body. 

Law III. « To every action there w always opposed 

" an equal redaction ; or the mutual actions of two 

« bodies upon each other are always equals and dt- 

** reeled to contrary points.'' Newton's Princip. 

Book L ^ 

If we endeavour to raise a weight by means of a le- 
ver, we shall find the lever press the hands with the 
same force which we exert upon it to raise the weight. 
Or if we press one scale of a balance, in order to raise 
a weight in the other scale, the pressure against the fin- 
ger will be equal to that force with which the other scale 
endeavours to descend. 

When a cannon is fired, the impelling force of the 

Kowder acts equally on the breech of the gun and on the 
all, so that if the piece and the ball were of equal 
weight, the piece would recoil witli the same velocity aft 
that with which the bail issues out of it. But the heav- 
ier any body is, the less will its velocity be, provided 
the force which communicates the motion continues the 
same. Therefore, so many times as the cannon and 
carriage are heavier than the ball, just so many tiroes 
will the velocity of the cannon be less than that of the 
ball. 

COMPOUND MOTION. 

1. If two forces actai the same time on any body^ and 
inthesamedirectiony the body will move quicker 
than it would by being acted upon by only one of 
the forces. 

2. If a body be acted upon by two equal forces j in ex- 
acily opposite directions, it will not be moved from 
its situation. 

3. If a body be acted upon by two unequal forces in ex- 
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nctly contrary directionSy it will move in the direc^ 
tion of the greater force. • 
A. If a body be acted upon bytwoforceSy neither in the 
same nor opposite directions, it will not follow 
either oftheforces, but move in a line between them* f 

The first three of the preceding articles may be 
considered as axioms, being self-evident ; the fourth 
may be thus elucidated : Let a force be applied to a 

body at A, \q the direction AB, j^ E 'K. _B 

which would cause it to move F 
uniformly from A to B in a given ^ 
period of time ; and at the same 
instant, let another force be appli- 
ed in the direction AC, such as would cause the body • 
to move from A to C in the same time which the first 
force would cause it to move from A to B ; by the joint 
•action of these forces, the body will describe the diag- 
onal AD of a parallelogram,"^ with an uniform mo- 
tion, in the same time in which it would describe ^ne of 
the sides ABor AC by one of the forces alone. 

For, suppose a tube equal in length to AB (in which 
a small ball can naove freely from A to B) to be moved 
parallel to itself from A to C, describing with its two 
extremities the lines AC and BD, so that the ball may 
move in the tube from A to B in the same time that the 
tube has descended to CD ; it is evident, that when 
the tube AB coincides with the line CD, the ball will 
be at the extremity D of the line, and that it has arri- 
ved there in the same time it would have described 
either of the sides AB or AC. The ball will likewise des- 
cribe the straight line AD, for by assuming several simi- 
lar parallelograms AEOP, AKIH, &c. it will appear, 
that while the ball has moved from A to E the tube will 
have descended from A to F, consequently, the ball 
will b^ at G ; and while the ball has moved from A to K, 
the tube will have descended from A to H, and the ball 
will be at I. Now, AQID is a straight line ;f or smaller 
parallelograms that are similar to the whole, and simi- 
larly situated, are about the same c^iagonal.f 

* A parallelogram is a four-sided figure, having eacli of the two op* 
posite sides equal and paraUeli 
t£uclid,ytaad26tb« 
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Thu8| if while a pro- 
jectile force would car- 
ry a planet from A to F, 
the ftun's attractioD at S 
would bring it from A to 
Hy the iprayitatiog pow- 
er would be too great 
for the projectile force ; 
the planet, tbereforei 
instead of proceeding 
in the circle ABC (as 
in the preceding ar- 
ticle) would describe 
the curye AO, and ap- 
proach nearer to the 
aun : SO being less than 
8 A/Now, as the centripetal force, or gravitating power^ 
always increases as the square of the planet's distance 
from the sun diminishes,^ when the planet arriy«^ at O, 
the centripetal force will be increased, which wUl like- 
wise increase the velocity of the planet, and accelWte 
its motion from O to Y ; so as to cause it to describe the 
arches OP, PQ, QR, RD, DT, TV, successively in- 
creasing in magnitude, in equal portions of time. The 
motion of the planet being thus accelerated, it gains such 
a centrifugal force, or tendency to fly off at Y in the line 
YW, as overcomes the sun's attraction ; this centrifu- 
gal or projectile force being too great to allow the plan- 
et to approach nearer the sun than it is at Y, or even to 
move round the sun in the circle i abc d^ &c. it fliea 
offin the curve XZM A, with a velocity decreasing as 
gradually from Y to A, as if it bad returned through the 
archc» VT, TD, DR, ike. to A with the same veloci- 
ty which it passed through these arches in its motion 
from A, towards Y. At A the planet will have acquire 
ed the «ame velocity as it had at first, and thus by the 
centrifugal and centripetal forces it will continue to move 
round S. ■"' 

Two very natural questions may here be asked ; viz. 
why the action of gravity, if it be too great for the pro- 



* Newton'i Princip. Book III. Prop. ii. 
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jectHe force at O, does not draw the planet to the sun at 
S ? and whj the projectile force at V, if it be too great 
for the centripetal force, or gravity, at the same point, 
does not carry the planet farther and farther from the 
sun, till it is beyond the power of his attraction ? 

First. If the projectile force at A were such as to car* 
ry the jplanet from A to Q, double the distance, in the 
same time that it was carried from A to F, it would re- 
quire four^ times as muoh gravity to retain it in ila orbit^ 
t!z. it must fall through Al in the time that the projec- 
tile force would carry it from A to 6, otherwise it would 
not describe the curve AOP. But an increase of gravity 
gives the planet an increase of velocity, and an increase 
of velocity increases the projectile force ; therefore, the 
tendency of the planet to fly off from the curve in a tan- 
gent Pm, is greater at P than at O, and greater at 
Q, than at P, and so on ; hence, while the gravitating 
power increases, the projectile power increases, so that 
the planet cannot be drawn to the sun. 

Secondly. The projectile force is the greatest at, or 
near, the point V, and the gravitating power is likewise 
the greatest at that point. For if AS be double of Y S, 
the centripetal force at V will be four times as great as 
at A, being as the square of the distance from the sun* 
If the projectile force at V be double of what it was at 
A, the space V W, which is the double of AF, will be 
described in the same time that AF was described, and 
the planet will be at X in that time. Now, if the action 
of gravity had been an exact counterbalance for the pro- 
jectile force during the time mentioned, the planet 
would have been at instead of X, and it would describe 
the circle f, a, 6, c, &c. but the projectile force being 
too powerful for the centripetal force, the planet recedes 
from the sun at S, and ascends in the curve XZM, &c. 
Yet, it cannot fly off in a tangent in ita ascent, because 
its velocity is retarded, and consequently its projectile 
force is diminished, by the action of gravity. Thus, 
when the planet arrives at Z, its tendency to fljr off in a 
tangent Zn, ia just as much retarded, by the action of 
gravity, as ifs motion was accelerated thereby at Ctt 
therefore, it must be retained in its orbit* 

a ni l III ■ ' ' ■ ■ ■ , .. I 

* WergaaonH Astronomy, Art 153* 
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CHAP. IIL 

Of iht Figure of the Earthy and its Magnitude^ 

THE figure of the earth, as composed of land and 
water, is nearly spherical ; the proof of this assertion 
will be the principal object of this chapter. The an- 
cients held Tarious opinions respecting the figure of the 
earth ; some imagined it to be cylindrical, or in the 
form of a drum : but the general opinion was, that it 
was a vast extended plane, and that the horizon was the 
utmost limits of the earth, and the ocean the bounds of 
the horizon. These opinions were held in the infancy 
of astronomy ; and, in the early ages of Christianity^ 
Bome of the fathers went so far as to pronounce it herei* 
ical for any person to declare that there was such a 
thing as the antipodes. But by the industry of sue* 
ceeding ages, when astronomy and navigation were 
brought to a tolerable degree of perfection, and when it 
was observed that the moon was frequently eclipsed hy 
the shadow of the earth, and that such shadow always 
appeared circular on the disc or face of the moon, in 
whatever position the shadow was projected, it necessa- 
rily followed, that the earth, which cast the shadow^ 
must be spherical ; since nothing but a sphere, when 
turned in every position with respect to a luminous bo- 
dy, can cast a circular shadow ; likewise all calculations 
of eclipses, and of the places of the planets, are made 
upon supposition that the earth is a sphere, and they all 
answer to the true times when accurately calculated. 
When an eclipse of the moon happens, it is observed 
sooner by those who live eastward than by those who 
live westward ; and, by frequent experience, astrono- 
mers haye determined that, for every fifteen degrees 
difference of longitude, an eclipse begins so many hours 
sooner in the easternmost place, or later in the western^ 
most. If the earth were a plane, eclipses would hapr 
pen at the same time, in all places, nor could one part of 
the world be deprived of the light of the sun, while 
another part enjoyed the benefit of it. The voyages 
of the chrcumnavigators sufficiently prove that the eart)^ 
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ig round from west to east. The first who attempted to 
circuffloavigate the globe, was Magellan, a PortuguesOi 
who sailed from Seville in Spain, on the 10th of Au- 
gust, 1519;^ be did not live to return, but his ship arriv« 
ed at St.Lucar, near Seville, on the 7th of September^ 
1522, without altering its direction, except to the north 
or south, as compelled by the winds, or intervening land. 
Since this period, the circumnavigation of the globe 
has been performed at different titnes bj Sir Francis 
Drake, Lord Anson^ Captain Cook, &c. The voyages 
of the circumnavigators have been frequently adduced 
by wrUers on geography and the globes, to prove that 
the earth is a sphere ; but when we reflect that all the 
circumnavigators sailed westward round the globei (and 
not northward and southward round it) they might have 
performed the same voyages had the earth been in the 
form of a drum or cylinder ; but the earth cannot be in 
the form of a cylinder, for if it were, then the differ- 
ence of longitude between any two places would be 
equal to the meridional distance between the same pla- 
ces, as on a Mercator's chart, which is contrary to ob- 
servation. — Again, if a ship sail in any part of the 
world, and upon any course whatever ; on her departure 
from the coast, all high towers or mountains gradually 
disappear, and persons on shore may see the masts of 
the snip after the hull is hid by the convexity of the 
water {Set Figure IIL Plate f .) — If a vessel sail north*^ 
ward, in north latitude, the people on board may ob-^ 
serve the polar star gradually to increase in altitude 
the farther they go : they may likewise observe new 
stars continually emerging above the horizon which were 
before imperceptible ; and at the same time, those stars 
which appear southward, will continue to diminish in al- 
titude, till they become invisible. The contrary pfafe- « 
nomena will happen if the vessel sail southward ; hence, 
the earth is spherical from north to south, and it ha^ 
already been shown, that it is spherical from east to 
west. 

The arguments already adduced clearly prove the ro- 
tundity of the earth, though common experience shows 
us that it is not strictly a geometrical sphere ; for its 
surface is diversified with mountains and valleys : but 
these irregularities no more hinder the earth from being 
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reckoned spherical, considering its magnitude, than the 
roughness of an orange hinders it from being esteemed 
round.* 

When philosophical and mathematical knowledge ar- 
rived at a still greater degree of perfection, there seemed 
to be a very sufficient reason for the philosophers of 
the last age, to consider the earfh not truly spherical, but 
rather in the form of a spheroid.f This notion first 
arose from observations on pendulum clocks,;]; which 
being fitted to beat seconds in the latitudes of Paris and 
London, were found to move slower as thej approached 
the equator, and at, or near, the equator, they were o* 
bKged to be shortened about | of an inch, to agree with 
the times of the stars passing the meridian. This dif- 



* Our largest globes are in general 18 inches in diameter. Tlie diam- 
eter of the earth is about 7964 miles. .Chimboraco, one ef the Andes 
mountains, the highest in the world, is about ^608 feet, or nearly 4 
miles high. The radius of the earth is d98£ miles, and that of an 18 
inch globe 9 inches. Now, by the rule of three, S98^m : d982m-(-4 
-: : 9 in. : 9009, from which, deduct the radius of the artificial globe, 
the remainder X)09 ^'i tttt "^^ir ^^ ^^ ^i^ch, nearly « is the elevation of 
the Andes on an 18 inch globe, which is less than a grain of sand. 

t 1 spheroid is a figure formed by a revolution of an ellipsis about 
its axis, and an eUipsis is a curve-lined figure in geometry, formed by 
cutting a cone or cylinder obliquely : but its nature will be more clears 
ly comprehended, by the learner, from the following description : 

liet TR (in Plate IV Figure V.) be the transverse diameter, or 
longer axis of the ellipsis, and CO the conjugate diameter, or shorter 
axis. With the distance TD or DR in your compasses, and C as a cen- 
tre, dcMribe the arch t''f *• the points F, f, will be the two foci of the 
ellipsis. Take a thread of the length of the transverse axis TR, and 
fasten its ends with pins in F and f, then stretch the thread Fif and it 
will reach to 1 in the curve, then by moving a pencil round with the 
thread, and keeping it always stretched, it will trace out the ellipsis 
TCRO. If this ellipsis be made to revolve on its longer axis TR it 
will generate an oblong spheroid, or Cassini's figure of the earth ; but 
if it be supposed to revolve on its shorter axis <DO, it will for9i an ob- 
late spheroid, or Sir Isaac Newton's figure of the earth.— The orbits or 
paths of all the planets are ellipses, and the sun is situated In one of 
the foci of the earth's orbit, as will be observed farther on. — The points 
F, f, are called foci, or burning points ; because, if a ray of light is* 
suing from the point P meet the curve in the point I, It will be reflects 
ed back into the focus f. For lines drawn from the two foci of an ellipsis 
to any point in the curve, make equal angles with a tangent to the 
curve at that point ; and by the laws of optics, the angle of incidence 
is equal to the angle of reflection. Robertson's Conic Sectipns, DqqIc 
JSL Scholium to Prop. ix. 

% Philoflophical Transactions, No. SB$, 
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ference appearing to Hujgens* and. Sir Isaac NewtoD» 
to be a much greater quantitj than could arise from the 
alteration by heat only^ they separately discovered that 
the earth was flatted-at the poles. — By the revolution of 
the earth on its axis (admitting it to be a sphere) the 
centrifugal force at the equator would be greater than the 
centrifugal force in the latitude of London or Paris, be- 
cause a larger circle is described by the equator, in the 
flame time ; but as the centrifugal force, (or tendency 
whi^h a body has to recede from the centre) increases, 
the action of gravity necessarily diminishes ; and where 
the action of gravity is less, the vibrations of pendu- 
lums of equal lengths become slower ; hence, supposing 
the earth to be a sphere, we have two causes why a 

Csndulum should move slower at the equator than at 
ondon or Paris, viz. the action of heat which dilates 
all metals, and the diminution of gravity. But these 
two causes combined, would not, according to Sir Isaac 
Newton, produce so great a difference as ^th of an 
inch in the length of a pendulum, he therefore supposed 
the earth to assume the same figure that a homogeneous 
fluid would acquire by revolving on an axis, viz. the figure 
of an oblate spheroid, and found that the ^' diameter of 
the earth at the equator, is to its diameter from pole to 
pole, as 230 to 229."t Notwithstanding the deductions 
of Sir Isaac Newton, on the strictest mathematical prin- 



* A celebrated mathematician, bora at the Hague io Holland* in 1629. 

t Motte's translation of Newton's Principia, Book III. Page 24di 
Calling the equatorial diameter of the earth 7964 English miles, the 
polar diameter will be 7929.— For as 290 : 229 : : 7964 : 7929 miieir^ 
the polar axis. Hence, the polar axis is shorter than the eqaatorial 
diameter by 35 miles, and the earth is higher at the equator than at the 
poles by 17) miles, a difference impereeptible on the largest globes 
that are made.-— Suppose a globe to be 1$ inches in diameter at the 
equator, then 2S0 : 229 : : 18 : t7\^ the polar diameter : the dif- 
fereoce of the diameters is r\j of an inch, half difference is j^^ 
of an inch, the flatness of an IS inch globe at each pole, which is letf 
than the 2Sd part of an inch, or not much thicker tnan the paper and 
paste, a quantity not to be discovered by the appearance ; and oa 
smaller globes the difference would be considerably less. Hence, the 
learner should be informed, that though the earth be not strictly a 
globe, it cannot be represented by any other figure whicly will ave so 
exact an idea of its shape ; and a lecturer who informs his hearers 
that it is in the shape of a turnip, or an orange, gives a very false idea 
of its trae figure. 
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ciples^ maDj of the philosophers io France) the prince 
pal of whom was Caasmi, asserted that the earth was an 
oblong spheroid, the polar diameter being the longer ; 
and as these different opinions were supposed to retard 
the general progress of science in France, the king re- 
solved that the aflbir should be determined by actual 
admeasurment at his own expense. Accordingly, about 
the year ITS^, two companies of the most able mathe- 
maticians of that nation were appointed : the one to 
measure the degree of a meridian as near to the equa- 
tor as possible, and the other company to perform a like 
operation as near the pole as could be conveniently at- 
tempted. The results of these admeasurements con- 
tradicted the assertions of Cassini, and of J. Bernoulli, 
(a celebrated methematician of Basil in Switzerland,, 
who warmly espoused his cause) and confirmed the cal- 
culations of Sir Isaac Newton% — In the year 1756, the 
Boyal Academy of Sciences oi Paris, appointed eight 
astronomers to measure the length of a degree between 
Paris and Amiens ; the result of their admeasurement 
gave 57069 toises for the length of a degree. 
' TThe utility of finding the length of a degree in order 
to determine the magnitude and figure of the earth, may- 
be rendered familiar to a learner thus ; suppose 1 find 
the latitude of London to be 51|^uorth, and travel due 
north till I find the latitude of a place to be 52^° north, 
J shall then have travelled a degree, and the distance 
between the two places, accurately measured, will be 
the length of a degree : now if the earth be a correct 
sphere, the length of a degree on a meridian, or a great 
circle, will be equal all over the world, after proper al- 
lowances are made for elevated ground, &c. the length 
of a degree multiplied by 360 will give the circumfe- 
rence of the «arth, and hence its diameter, &c. will be 
easily found : but, if the earth be any other figure than 
that of a sphere, the length of a degree on the same 
meridian will be different in different latitudes, and if 
the figure of the earth resemble an oblate spheroid, the 
lengths of a degree will increase as the latitudes in^ 
crease. The English translation of Maupertuis' figure 
of the earth, concludes with these words : " The degree 
of the meridian which cuts the polar circle being lon^ 
get than a degree of the meridian in France^ the earth 
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ft a spheroid flatted towards the poles.^* See page T63 
of the work* For the longer a degree is, the greater 
must be the circle of which it is a part ; and the greater 
the circle is, the less is its curvature. 

The first person who measured the length of a degree 
with any appearance of accuracy, was Mr. Richard Nor- 
wood ; by measuring the distance between London and 
York, he found the length of a degree to be 367196 En* 
glish feet, or 69| English miles ; hence, supposing the 
earth to be a sphere, its circumference will be 25020 
miles, and its diameter 7964^ miles ; but if the length 
of a degree, at a medium, be 57069 toises, the circum- 
ference of the earth will be 24873 English miles, its 
diameter 7917 miles, and the length of a degree 69^^,. 
miles.f 

Conclusion. Notwithstanding all the admeasure- 
ments that have hitherto been made, it has never been 
demonstrated, in a satisfactory manner, that the earth is 
strictly a spheroid ; indeed, from observation^) made in 
different parts of the earth, it appciars that its figure is 
by no means that of a regular spheroid, nor that of any 
other known regular mathematical figure ; and the only 
certain conclusion, that can be drawn from the works of 
the several gentlemen employed to measure the earth, 
is, that the earth is something mare flat at the poles than, 
at the equcUor. — The course oif a ship, considering the 



* 5280 feet make a mile, therefore, 36T196 divided bf 5280 give 
69} miles nearly, which multiplied by 360 produces 25020 miles, the 
circumference of the ^rth, but the eireumference of a circle is to iti 
diameter as 22 to 7, or more nearly as 355 to 113 ; hence, 3551- 113:'* 
25020 miles : 7964 miles, the diameter of the earth, \gain, 6 French 
feet make 1 toise, therefore, 57069 toises are equal to &2414 French 
feet ; but 107 French feet are equal to 114 English feet : hence, 107 
F. f. • 114 E. f. : : 3424 F. f. : 364814 English feet, which, divided 
W 528P, the feet in a mile, gives 69 09 miles* the length of a degree by 
the French admeasurement. Or, 342414, multiplied by 360, produces 
123269040 French feet the circumference of the earth, and 107 : H^ 
: : 123269040: 131333369 English feet, equal to 24873.74 miles, the 
circumference of the earth, and 355 : 113 : ; 24873.74 : 7917 miles, 
the diameter of the earth. 

t The length of a degree in lat 5lo 9' N. is 364950 feet s 69.12 
B^n^Iish miles. Trigonometrical Survey of England and Wales, vol. 
n. part II. page 113. Mr Swanberg, a Swedish mathematician, 
found the length of a degree to be 57196.159 toises ssz 365627.782 En? 
$\\^ feet == 69iU7 miles. 
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earth a qpheroid, ia so near <o what it woidd be on a 
aph^re, that the marioer may safely trast to the rules 
of globular 8ailiog»^ even though his course and dis« 
lance were much more certain than it is possible for 
them to be. For which, and similar reasons, mathema- 
ticians content themselves with considering the earth aa 
a* sphere in all practical sciences, and hence the artifir 
cial globes are made perfectly spherical as the best rep- 
resentation of the figure of the earth. 



CHAP. IV. 

Of the Diurnal and Annual Motion of the Earth, 

THE motion of the earth was denied in the early 
i^es of the world, yet as soon as astronomical knowl? 
edge began to be more attended to, its motion received 
the assent of the learned, and of such as dared to think 
difierently from the multitude, or were not apprehen- 
aive of ecclesiastical censure«---The astronomers of the 
last and present age have produced such a variety of 
atrong and forcible arguments in favour of the motion 
of the earth, as must effectually gain the assent of eve- 
ry impartial inquirer. — Among the many reasons for the 
motion of the earth, it will be sufficient to point out the 
following : 

1. Of the Diurnal Motion of the Earth. 

The earth is a globe of 7964 miles in diameter (as has 
been shown in Chap. IIL) and by revolving on its astis 
every 24f hours from west to east, it causes an apparent 
diurnal motion of all the heavenly bodies from east to 
west. — ^We need only look at the sun, or atars, to be 



* Robertson's Naviiration. Book VIII Art. 145. 

t That it», the time from th6 9an*8 being ob the mericlian of any 
plaee. to the time of its returning to the sam^ meridian the next day ; 
but the earth forms a complete revolution on Its axil in 23 boun 56 
ninutM 4 leoondf ; lee definition 61, p«^ 13. 
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convinced, that either the earth, which is no more than 
a point^ when compared with the heavens, revolves on 
its axis in a certain time, or else the sun, stars, &c. re* 
volve round the earth in nearly the same time. Let us 
suppose, for instance, that the sun revolves round the 
earth in 24 hours, and that the earth has no diurnal mo-* 
tion. — Now, it is a known principle in the laws of motion^ 
that if any body revolve round another as its centre, 
it is necessary that the central body be always in the 
plane in which the revolving body moves, whatever 
curve it describes ;f therefore, if the sun move round 
the earth in a day, its diurnal path must always des- 
cribe a circle which will divide the earth into two equal 
hemispheres. But this pever happens except on two 
days in the year, viz. at the time of the equinoxes, 
when the sun rises exactly in the east, and sets exactly 
in the west ; for, in our summer, the sun rises to the 
north of the east, and sets to the north of the west ; and, 
therefore, its diurnal path divides the globe into two 
unequal parts ; consequently, the sun does not move 
round the earth. / To render this more intelligible to a 
young student, let a pin, of soobe inches in length, be 
fixed perpendicular upon an horizontal plane, and ob- 
serve the shadow that the top of it describes on any 
day of the year ; this shadow will always be a curve, 
except at the time of the equinoxes ; hence, the earth 
is never in the sun's apparent diurnal orbit but then ; 
for if the top of the pin kept all the time in the plane of 
the sun's apparent « diurnal orbit, the shadow described 
would be a straight line,| because it would fall in the in- 
tersection of two planes ;$ therefore, the sttn has no 
diurnal motion round the earth ; consequently, the 
earth has a diurnal motion on its axis. 
^ It is no argument against the earth's diurnal motion 
Aat we do not feel it ; a person in the cabin of a ship, 
on smooth water, cannot perceive the ship's motion when 
it turns gently and uniformly round ;0 neither does the 



* Dr. Keilt, Leet. f6. 
t Emerson'o Astronomy, page 11. 
t Emerson'fl Dtallintr, Prop 11. p. 9tk. 

« It is deraonfiinited in Euclid, Prop. III. Book XI. that If tW9 
planes intersect e ich other, their comnnoB^ection if a ftrai^bi Una. 
I Fergii8otftAftronoiB7,Ari.ll9. 
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motion of the earth cauae bodies to fall from its surface ; 
for all bodies, of whatever matter thej are composed, 
are drawn to the earth by the power of its central at* 
traction ;^ which, laying hold of them according to 
theip densities, or quantities of matter, without regard 
to their magnitudes, constitutes what we call weight. 

The phenomena of the apparent diurnal motion of the 
sun may be explained by the motion of the earth ; thus, 
let IFGH (plate I. figure v.) represent the earth, S the 
sun, and the circle DSBC the apparent concavity of 
the heavens. Let the earth revolve on its axis from I 
towards 6 (viz. from west to east.) Suppose a specta- 
tor to be at I, the sun, which is at an immense distance, 
and enlightens half the globe at once, will appear to be 
rising. As the earth moves round, the spectator is car- 
ried towards F, and the sun seems to increase in height : 
when he has arrived at F, the sun is at the highest. As 
.the earth continues to turn round, the spectator is car- 
ried from F towards O, and the altitude of the sun 
keeps continually diminishing ; when he has arrived at 
O, the sun is setting. During the time the spectator has 
been carried from I to O, the sun has appeared to move 
the contrary way. Hence, it is evident, that while the 
spectator is carried through the illuminated half of the 
earth, it is day -light ; at the middle point F, it is noon ; 
also, while he is carried through the dark hemisphere, 
it is night ; and at H it is midnight. Thus, the vicissi- 
tude of day and night evidently appears by the rotation 
of the earth about its axifi^ : what has been said of the 
sun is equally applicable to the moon, or any star plac- 
ed at S ; therefore, all the celestial bodies seem to rise 
and set by turns, according to their various situations. 
The spectator at I, F, 6. H, will always have his feet 
towards the centre of the earth, and the sky above his 
head, whatever position the earth may have : agreeably 
to the laws of gravitation or attraction. Thus an ibhab- 
itant at a will be the jpost powerfully attracted towards 
his antipodes 6, because there is the greatest mass of 
earth under his feet in that direction ; for the same rea- 
son b will be the most attracted towards a, m towards n, 



* Newton»s Principia, Book IIL Prop. vil. 
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and n towards m, &c. hence, it appears that every body 
pn the surface of the earth is attracted towards its cen- 
tre, or rather, towards the antipodes of that body, for 
the whole eartk is the attracting mass, and not some un* 
known substance placed in the centre of the earth. 
There is no such thing as an upper and under side of 
the earth : suppose a to be an inhabitant of Nankin in 
Chma, 6 will be an inhabitant of South America, near 
Buenos Ayres, each having the earth under his feet and 
the sky above his head ; also, if n be an inhabitant n 
little east Of Quito in South America, on the c^ftcotory 
nt will be an inhabitant upon the equator in the Island of 
Sumatra, and in the course of 12 hours n will hav« th^ 
same position as m, by the revolution of the earth* 

2. Of the Annual Motion of the Earth. 

The diurnal revolution of the earth on its axis being 
proved, the annual motion round the sun will be readily 
admitted ; for, either the earth moves round the sun in a 
year, or else the sun moves round the earth : now, by 
the laws of centripetal force, if two bodies revolve 9- 
bout each other, they revolve round their common cen- 
tre of gravity ;^ and it is evident that if the two bodies 
be of equal magnitude and density, the centre of gravi- 
ty will be equidistant from each body ; but, if they be 
of different magnitudes, the centre of gravity will be 
nearest to the larger body ; if the earth, therefore, re- 
main in the same situation while the sun revolves round 
it, its magnitude must be vastly greater than that of the 
sun ; for it is contrary to the laws of nature for a heafy 
body to revolve r5und a light one as its centre of mo- ^ 
tion : but from observations on the dimensionsf and dis- 
tances of the sun and planets, it appears that the sun so 

* The centre of gravity of two bodies is a point, on whieli, if tkej 
were both supported by a Une joining their centres, they would rest la 
equilibrium. 

t The apparent diameters of the planets are found by a mieromtter^ 
placed in the focus of a telcMiope, or, the apparent diameter of the sun 
may be measured by means of the projection of his image into a dark 
room, through a circular aperture. From these apparent diameters, 
and the respective distances from the earth, the real itiameters of the 
sua and planets oiay be determhied* 



62 ANNUAL MOTION OF THE EABTA 

greatly excieeds, not only the earth, but the planets, io 
magnitude, that the common centre of gravity of the 
whole is almost constantly within the body of the sud» 
so that the sun's motion round the common centre of 
gravity of the earth and the planets is not perceptible 
by ordinary observers. Not only the earth, therefore, 
bat the planets, move round the sun. 

It is also evident, that the motion of the earth in its. 
orbit is from west to east ; for if the sun be observed to 
rise with any filed star which is near the ecliptic, it will, 
in the coarse of a few days, appear to the eastward of 
that star. And in the space of a j ear il will arrive it 
the same star again. 

The earth is computed to be 95 millions of miles from 
the sun,^ and performs its revolutions round him, des- 
cribing an elliptical orbit, or path,f in 365 days 5 hours 
48 minutes and 48 seconds, from any equinox, or solstice. 



* That part of tha heaveiM id which the tun or a plana! would ap- 
ptar, if viawad from tha lurfaoe of the earth, is called its ofparent 

filaee; and the poiikt in which ii would be raen at the same iDstnni 
rom the centre of the earth, is called its true place. The difference 
between the true and apparent place, is called th<i parallax. • In Plata 
IV. Fig.vi. let O be the. centre of tbe earth, P the place of an obwrv- 
ar on its surface, and S the sun or a planet in the heavens : now. to an 
observer at O, the son would appear at a, and to an observer at P, it 
would appear at b; the arch ob, or the angle atb, which is equal to 
the angle PSO, is called the horizontal parallax. Mr. Short, in vol. 
52, part H. of the Philosophical Transactions, has determined the hor- 
liontal parallax of the sun to be 8^^.65, at its mean distance from tha 
earth. Hence, by trigonometry. 

As logarithmtcal sine of 8''.65, or ancle PSO, 5.6219140 

Is to one semi-diameter of the earth PO, 0000000 

As radius, sine of 9D degrees, or sine of OPS, lOXJOOOOOOO 

Is to 23882.84 semi diameters, 4.3780860 

Now, if we teke the diameter of the earth T9T0 miles, as Mr. "^hort 
has done, the 8emi<di>imeter 3935, multiplied by 23882.84, frWes 
951T311T miles, the disunee oT the earth from the sun: if the diam- 
eter of the earth be taken 7964 miles, the distance will be 95101468 
miles; if it be taken 7917 miles (cee the chapter of the Figure nf the 
earth) the distance will be 94540222 miles. In a ease of .•>ncb nncer« 
tainty, where a very small error in the parallax will produce an aston- 
ishing difference in the conclusion of the process, and where an error 
in the diameter of the earth wiR also afibct the operation, we may rest 
contented with estiiBating the distanee of the earth from the sun at 95 
mH4ions of miles. 

t The idea that the earth moved in an elliptical orbit was first con* 
ceived by Kepler, an eminent German astroaomer, and demonstrated 
by Sir Isaac Newton. See the Principia, Book HL Prop. xiii. 
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to the same again ; it travels at the rate of upwards of 
68,000 miles per hour.^ Besides this molioDt which is 
common to every inhabitant on the earth, the inhabi- 
tants at the equator are carried 1042f miles everj hour 
by the diurnal revolution of the earth on its axis, while 
those in the parallel of London are carried only about 
644 miles per hour. The axis of the earth makes an 
angle of 23P idf with a perpendicular to the plane of it* 
.orbit, and keepn al^vays ttie same oblique direction 
throughout its annual pourse ;| hence, it follows^ that, 
during ode part of its course, the north pole is turnea 
towards the sun, and, during another part of its course^ 
the south pole is turned towards it ip the same proper- 
^ion ; which is the cause of the different seasons, afi 
fpring, summer, autumn, aqd winter.-^- The orbit of th^ 
earth being elliptical, the earth must at spm/s times ap* 
proach nearer to the sun than at others, and will of 
fcourse take more time in moving through one part of its 
path than through another. Astronomers have observ- 
ed, that the earth is more rapid in the winter half of its 
orbit than in the summer, by about seven days : (see 
the note to the 6th Geographical Theorem, p.<40 ;) but^ 
although in the winter we are nearer to the sun than ii| 
the summer, yet, in that season, it seems farthest from 
ua, and the weather is more cold and ^inclement t 
the simple account of which phenomenon is, that the 
aun's rays falling more perpendicularly on us in sum* 
mer, augment the heat of the weather ; so, being transr 



* The earUi*fl distanee from the ran i» 95 miBioni of mUes, the vaeam 
(diameter of its orbit in therefore 190 millions of milef) ; and the circum- 
ference of a circle is tibree times the diameter and one-seventh more ; 
or the circumfentoce is to the diameter as 555 to tl5 more nearly ; 
heooe. 113 : 555 : : 190,000,000 : 59690^654 the circumference of the or- 
iNt ; but this drcumference is described in 565 days 5 hours 48 minutef 
'48 seconds^ or 565 days 6 hours nearly, or BT66 hours ; hence 8766 h. i 
59690S654 m. : : Ih. : 68093 miles per hour the inhabitants of the eartl^ 
are carried by its annual mvoltition. 

t These distances are found by multiplying ^ number of miles cob« 
tained in a degree in any parallel of latitude by 15 ; thus, the circunn 
Isrence of the earth at the equator is 360<> X ^9^ m. and in the latitude 
of London it is equal to SGO"" X ^2.65. and ^ b^ : deo"* X 69^ : : 1 h.: 
l04«im.;orl:15X69i::l :iOK^m. 

% I'his is not strictly true, though the variatipn. called the nutation 
of the earth's aw, u scarcely perceptible in two or thre^ j^cim- K«i^ 
I«ci.TiU. ' ; ;.; 
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nutted more obliquely od our parallel of latitude daring 
the wintery the cold is increased and rendered .more in- 
tense. The heat in the torrid zone does not arise from 
those parts of the earth being nearer to the sun, but from 
the rays pf the sun falling perpendicular upon, and 
darting immediately through the atmosphere. It might 
likewise be expected, that, as we are less distant from 
the sun in the winter than in the summer, ii would ap- 
pear larger ; but the difference of situation is so small 
as to make no sensible alteration in the sun's apparent 
magnitude* 

^The sun is not supposed to be fixed in the centre of 
the earth's elliptical orbit, but in one of the foci. Let 
8 represent the sun, (Plate II. Fig; 3.) and AOFBDE, 
the elliptical orbfl of the earth. Then A is called the 
Perihelion, or lower apsis, being the earth's nearest dis- 
tance from the sun ; B is palled the Aphelion, or higher 
apsis, being the greatest distance of the earth from 
the sun, and SC the distance between the sun, (in 
the focus) and the centre, is called the eccentricity 
of the earth's orbit. If from the centre C, there 
be erected upon the axis AB the perpendici^ar CE 
meeting the orbit in E, and the line SE be drawn, it 
will represent the mean distance of the earth fronL.the 
sun, being equal to half the axis AB,^ consequently, 
§E is 95 millions of miles. 

Though the motion of the earth in its orbit be not 
uniform, yet U is regulated by a certain immutable law, 
from which it never deviates ; which is, that aline drawn 
from the centre of the sun to the centre of the earth, 
being carried about with an angular motion, describes 
%n ellipticirt area proportional to the time in which that 
area is described.f viz. if the times in which the earth 
moves from A to E, from E to D, and from D to B, be 
«qual, then the areas, or spaces, ASE, ESD, and 
DSB, will all be equal. The motion of the earth, is 
sometimes quicker and sometimes slower in moving 
through equal parts of its orbit ; for, when the earth is 



* It ig demonstratefl by all writers or eonic sections, that a line 
«|rawn from one end of the conjugate axis of an ellipsis to the focus, is 
•(jual to half the transverse axis, viz. SE = CB or CA. 

t This law was discovered by Kepler, and demonstrated hy Sir Isaa^ 
Newton. Spt Principla, ^ool^ III. Prop. ^iti. 
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at A (in the winter) the sun attracts it more strongly, 
and therefore, the motion is quicker than any where 
else ; likewise, when it is at B (in the summer) it is 
least affected bj the sun's attraction, and consequently, 
the motion there is slower than in any other part of its 
orbit, for the power of gravity decreases as the square 
of the distance increases ;^ besides, it is obvious, from 
the construction of the figure, that, if the space ASE be 
described in the same time with the space BSD, the 
arch AE will be greater than the arch BD. 

The phenomena of the different seasons of the year 
will appear plainly from the following observations. Let 
ABCD {Plate IIL Figure 1.) represent the plane of the 
earth's annual orbit, having the sun in the focus F ; and 
let a 6, an imaginary line passing through the centre of 
the earth, be perpendicular to this plane; and let the 
axis NS,ofthe earth make an angle of 23^ 28' with this 
perpendicular: then if the earth move in the direction 
A, B, C, D, in such a manner that NS may always re- 
main parallel to itself, and preserve the same angle with 
a 6, it will point out the seasons of the year ; for, sup- 
pose a line to be drawn from the centre of the sun to the 
' centre of the earth, it is evident that the sun will be 
vertical to that part of the earth which is cut by this 
line. Now, when the earth is in Libra :&, the sun will 
appear to be in Aries Y, the d^ys and nights will be 
equal in both hemispheres, and the season a medium 
between summer and winter ; the line dividing the dark 
and light hemispheres passes through the two poles N and 
S, and consequently, divides all the paralleln of latitude, 
as PR, into two equal parts ; hence, the inhabitants of 
the whole face of the earth have their ddys and nights 
equal, viz. twelve hours each. While the earth moves 
from Libra ^ to Capricorn 14, the north pole N will be« 
come more and more enlightened, and the south pole S 
will be gradually involved in darkness, consequently^ 
the days in the northern hemisphere will continue to in- 
crease in length, and in the southern hemisphere they 
^fl.decrease in the same proportion, all the parallels of 
nGtude berng itnequally divided. When the earth has 



* Newtoa's Priocipia, Book HI. Prop. i|^ 

u 
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arrived at Capricoro 1^ » the sun will appear to be in Can* 
cer 23 , it will be summer totbe inhabitants of the north- 
ern hemisphere, and winter to those in the southern: 
the inhabitants at the north pole, and within the arctic 
circle, will have constant day, and those at the south 
pole, and within the antarctic circle, will have constant 
night. While the earth moves from Capricorn yj to 
Aries T« the south pole will become more and more en- 
lightened ; consequently, (he days in the southern hem- 
ispjiere will increase in length, and in the northern hem- 
isphere they will decrease. When the earth has arri- 
ved at Aries T, the sun will appear to be in Libra :as, 
and the days and nights will again be equal all over the 
surface of the earth. , Again, as the earth moves from 
Aries T towards Cancer SS, the light will gradually 
leave the north pole and proceed to the south : when 
the earth has arrived at Cancer 25, it will be summer to 
the inhabitants in the southern hemisphere, and winter 
to those in the northern : the inhabitants of the south 
pole (if any) will have continual day, those at the north 

fiole constant night. Lastly, while the earth moves 
rom Cancer S3 to Capricorn 14, the sun will appear to 
move from Capricorn 14 to Cancer S3, and the daj^s in 
the northern hemisphere will be increasing, while those 
in the southern will be diminishing in length ; and while 
the earth moves from Capricorn V) to Cancer S3, the sun 
will appear to move*from Cancer S3 (o Capricorn V), 
the days in the northern hemii^pfaere will then be de- 
pressing, and those in the <«outhern hemisphere increas- 
ing^ In all situations of the earth, the 'equator will be 
divided into two equal parts, consequently the days and 
pights at the equator are always equal. Thus the dif- 
ferent seasons are clearly accounted for, by the inclina- 
tion of the axis of the earth to the plane of its orbit,"^ 
pon)bined with the parallel motion of that axis. 



* In addition to these obflervationtt, the author farther illastrateg the 
jwasonfi uf the year by ap orrery ; and sonietimes by a bres^i wire sup- 
ported OD two 8tuds ^f different heights, correspondent to the diameter 
pfthe wire cirde, and the obliquity of the ecliptic; as in Ferguson'g 
^stromony, chap- x. But, as this last method does not so clearly show 
the obliquity of the rilis of the earth to the plane of its orbit : take a 
poard of any convenient dimensions, suppose two feet across, on which 
^spbe a (sircle, or aa ellipsis difoiod; ^^^^s from a circle, draw a diam- 
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CHAP. V. 

Of the Origin of Springs and Pivers^ and of the Sait- 
ness of the Sea. 

VARIOUS opinions have been held by ancient, as 
well as modern philosophers, respecting the origin of 
springs and rivers; but the true cause is now pretty well 
ascertained. It is well known that the heat of the sun 
draws vast quantities of vapour from the sea, which be- 
ing carried by the wind to all parts of the globe, and 
being converted by the cold into rain and dew, it falls 
down upon the earth ; part of it runs down into the lower 
places, forming rivulets, part Mserves for the purposes of 
vegetation, and the rest descends into hollow caverns 
within the earth, which breaking out by the sides of the 
hills forms little springs ; many of these springs running 
into the vallers increase the brooks or rivulets, and sev- 
eral of these meeting together make a river. 

Dr. Halley"^ says, the vapours that are raised copi- 
ously from the sea, and carried by the winds to the 
ridges of the mountains, are conveyed to their tops by 
the current of air ; where the water being presently 
precipitated, enters the crannies of the mountains, down 
which it glides into the caverns, till it meets with a 
stratum of earth or stone, of a nature sufficiently solid to 
sustain it. When this reservoir is filled, the superfluous 



eier OFO (Plate III. Figure 1 ) and parallel to this diameter let ser- 
eral lines e/be drawn, then bore several boles perpendicularly down in 
the points e e, Sec. of the eircumference of the circle ; take two pieces of 
wire crossing each other in aii angle of 2d« W ; as ag, and n/ of which 
a g the perpendicular wire is the longer, and connect thf m by a straight 
wire e/; then placing a small globe on the point n, and a light in the 
centre of the circle, of the same height as the centre of the little globe ; 
let th^ point g in the longer wire be Axed 9uceet^»\ye\y in the botes, e, 
«, &c. in the circumference of the circle, so that the base e/of the wire 
may rest on the lines e/in the plane of the earth's orbit, the seasons of 
the year will be agreeably and accurately illustrated^ If the littl 
globe be placed upon tbe point a, instead of the point n, and the fame 
method be observed in moving the wires round the orbit, there will 
be no diversity of seasons. The diurnal revolution of the earth may* 
be shown by moving the globe round the wire n /, an an alls, with the 
finger. 
'« Philosophical Traasactioiu , No. 192. 
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water, following the direction of the 8tratuiDy runs over 
at the lowest place, and in its passage meets perhaps with 
other little streams, which have a similar origin : these 
gradually descend till they meet with an aperture at the 
side, or foot of the mountain, through which they es* 
cape and form a spring, or the source of a brook or riv- 
ulet. Several brooks or rivulets, uniting their streams 
fonii small rivers, and these again being joined by other 
small rivers, and united in one common channel, form 
such streams as the Rhine, Rhone, Danube, &c. 

Several springs yield always the.,8ame quantity of 
Water, equally when the least rain or vapour is afforded, 
as when rain falls in the greatest quantities; and as Ihe 
fall of rain, snow, &c is inconstant or variable, we have 
here a constant effect produced from an inconstant 
cause, which is an unphilosophical conclusion. Some 
naturalists, therefore, have recourse to the sea, and de- 
rive the origin of several springs immediately from 
thence, by supposing a subterraneous circulation of per- 
colated walers from the fountains of the deep. 
■'^ That the sun exhales as much vapour as is sufficient 
for rain is past dispute, having been several times proved 
by actual experiments. Dr. Halley^ determined by 
experiment and calculationf, that in a summer's day, 
there may be raised in vapours from the Mediterranean 
i5280 millions of tuns of water, and yet the Mediterra- 
nean does not receive from all its rivers above 182? mil- 
lions of tuns in a day, which is little more than a third 
part of what is exhausted by vapours;]^ ; and from the 
river Thames, twenty millions three hundred thousand 
tuns may be raised in one day in a similar manner. — In 
the Old Continent there are about 430 rivers which fall 
directly into the ocean, or into the Mediterranean and 
Black Seas, and in the New Continent, scarcely 180 
rivers are known, which fall directly into the sea : but 



* T^T' Halley was an eminent mathematician, astronomer, and phi- 
losopher, born in London in the year 1656. 

t Philosophica] Tranoactions, iNTo. 212. 

t As evanoration cannot carry off fixed salts, ft would appear that 
if the above calcnlfftion be accurate, the Mediterranean would be more 
salt than the Ocean, but it muHt be remembered that a current sets coa* 
staatly out of the Atlantic Ocean into the Medtterraneigit 
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in this number, only the greatest rivers are comprehend* 
ed.^ All these rivers carry to the sea a great quantity 
of mineral and saline particles, which they wash from 
the different soils through which they pass, and the par- 
ticles- of salt, which are easily dissolved, are conveyed 
to the sek by the water. Dr. HaUe> imagines that the 
saltness of the sea proceeds from the salts of the earth 
only, which rivers convey thither, and that it was orig«* 
inaHy fresh* So that its saltness will continue to in- 
crease : for, the vapours which are exhaled from the 
teas are entirely iresh, or devoid of saline particles* 
Others imagine that there is a great number of rockd of 
salt at the bottom of the sea,, and from these rocks it ac- 
quires its saltness. Some writers again, have imagined 
that the sea was created salt that it might not cqrrupt ; 
but it may well be supposed that the sea is preserved 
from corruption by the agitations of the wind, and from 
the flux and reflux of the tide, as much as by the salt it 
contains ; for when sea water is kept in a barrel it cor- 
rupts in a few days. The Honourable Mr* Boylef re- 
lates that a marmer becalmed for thirteen days, found, at 
the end of that time, the sea so infected, that if the calm 
had continued, the greatest part of his people on board 
would have perished. — The sea is nearly equally salt 
throughout, under the equinoctial line and at ihe Cape 
of Oood Hope, though there are some places on the Mo- 
zambique coast where it is Salter than elsewhere* It is 
also asserted, that it is net quite so salt under the arctic 
circle as in some other latitudes,;^ this probably may pro- 
ceed from the great quantity of snow, and the great riv- 
ers which fall into those seas : to which we may add, 
that the sun does not draw such quantities of fresh wa- 
ter, or vapours, from those seas as in hot countries* 

It is worthy of remark, that all lakes from which rivers 
derive their origin, or which fall into the course of riv- 



• Buffon's Nataral History. 

t A younger son of the Hiarl of Cork, and one of the most celebra- 
ted pbifosophers ki Europe, bom at Lismore, in the county of Water* 
ford, 16S6-T. Scie his Treatise on tbe .Saltness of the Sea, published in 
1674. 

f Id a Syttem ofChemiUry by Br. Thmnum, of Edinburgh, Yol. IV. 
fourth tdUian^ page 141, it is stated, that the ocean contains most fait 
between 10« and S0» south latitude, sad that the proportion of suit in 
Ote least in latitude 57* north. ^ 
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era, are not saKiie ;^ and almost all those, on the contra- 
ry, which receive rivers, without olher rivers issuing 
from them, are saline ; this seems to favour Dr. Hal- 
ley's opinion respecting the saltnessof thesea, for evap- 
oration cannot carry off fixed salts, and consequently 
these salts which rivers carry into the sea remain there. 
It is assertedf to be the peculiar property of sea-water, 
that when it is ab8olut«4y salt it never freezes ; and that 
the islands or rocks of ice which float in the sea near the 
poles, are originally frozen in the rivers, and carried 
thence to the sea by the tide ; where rhey continue to 
accumulate by the great quantities of snow and sleet 
which fall in those seas. According to this opinion, 
great quantities of ice can be produced only from great 
quantities of fresh water, or from large rivers, and as 
large rivers can only flow from large tracts of land, it 
would appear that there must be immense tracts of land 
near the south pole, for the Antarctic Ocean abounds 
with fields or mountains of ice, as well as the Arctic 
Ocean; but our circumnavigators have traversed the 
southern Ocean to upwards of seventy degrees south 
latitude, without discovering %ny land. With respect 
to the freezing of salt water, we have several instances 
of the Baltic,;|; and other seas being frozen over, when 
the ice on the surface could never proceed from rivers. 
It is true that the sailors frequently take large pieces of 
the rocks of ice, and thaw them for the use of the ship's 
company, and always find the water fresh ; but it does 
not follow from this that the ice is formed in the rivers. 
As fresh water is only extracted from sea-water by the 
beat of the sun, and carried into the atmosphere : may 
not the fresh, without the saline particles of sea-water, be 
converted into ice by extreme cold ? — 



• Buffon'8 Natural Hi-tory, Chap. 11. 

t Emerson's Geo^^raphy, page 64. . 

X The Baltic Sea is not so sm It as the Otean, and the proportion of 
salt is increased by a west wind, and still more by a north-west wind : 
ji proof that not only the saltaess of the Baltic is derived from the , 
«ocean. but that storms have a much greater effect upon the waters o'f 
the ocean than has been supposed. — ^Dr. ThomtmiU ChemUiry, Vol IV. 
pa^^e 141.— The Baltic Sea has little or no tides, and a current ninscon- 
ita ntly through the fiound into the Catt,egate sea.. 
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CHAP. VI. 

Of the Flux and Reflux of the Tides. 

A TIDE is that motion of the water in the aeaa and 
riverst by which thej^ are found to r»e and fall in a regu- 
lar succession ; and this flowing and ebbing is caused by 
the. attraction of the sun and moon.^ 

Suppose the earth to be entirely covered by a fluid, 
as A, B, C, D, €t, N, {Plate III. Figure 2.) and the ac- 
tion of the sun and moon to have no effect upon it, then 
it is evident that all the particles, being equally attract- 
ed towards the centre O of the earth, would form an ex« 
act spherical surface ; except, that by the revolution of 
the earth on its a^iis NS, the attraction from B towards 
-O, and from Q, towards O would be, a little diminished 
.by the centrifugal force. Let the moon atM now evert 
her influence upon the .water ; then, because the power of 
attraction diminishes as the square of the distance in- 
creases, those parts will be the most attracted which are 
the nearest to the moon, and their tendency towards Q 
will be diminished ; the waters at Z, B, and C, will, 
therefore, rise, and at Z, which is nearest to the moon, 
they will be the highest ; but when the waters in the 
zenith Z are elevated, those in the nadir N are likewise 
elevated in a similar manner ; this is known from experi- 
ence, for we have high water when the moon is in our 
nadir, as well as when she is infour zenith ; we, therefore 
Conclude, that when the moon is in our zenith, our anti- 
{>odes have high water; the truth of this; as well as 
every other phaenomenon respecting the tides, will be 
discussed in the following theorems- 

Thborbm I;f The parts of the earth directly under 
the moon, or fvkere the moon is in the Zenith^ as at Z, 



♦ This was known to the ancient^:. Pliny e^prcwly says, that the 
CiBinse of the ehh and flow is in the «iun, which atlractp the* waters of the 
ocean , an^ that they . also rine in proporti<)h to the proximity of the 
moon to. Ihn earth. Jh. Hvitdn's' >f^ih T>ietioi«ary, word Tides 

t A theorem is a ppopositi<»n wbirh aihnitn of proof, or demrinrtra- 
tion, from definitions clearly understood, and froDi the koown general 
^l^rojjfertie&bf the subject under eonsideration* 
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(Plate III. Fig. 3.) and those places which are dia- 
metrically opposite to the former^ or under the Ao- 
dtr, as at iV, will have high water at the same time. 

Because the power of gravity decreases as the square 
of the distance increases : the waters at A, B, Z, C, D, 
on the side of the earth next the moon M, will be more 
attracted by the moon than the central parts O of the 
earth, and the central parts will be mpre attracted than 
the surface N on the opposite side of the earth ; there- 
fore, the distance between the centre of the earth and 
the surface of the water, niider the zenith and nadir, 
will be increased For, let three bodies Z, O, and N, 
be equally attracted by M ; then it is evident they will 
all move equally fast towards M, and their mutual dis- 
tances from each other will continue the same ; but if 
the bodies be unequally attracted by M, that body which 
is the most attracted will move the fastest, and its dis- 
tance from the other bodies will be increased. Now, 
by the law of gravitation, M will attract Z more strongly 
than it does O, by which the distance between Z and 
O will be increased. In like manner O being more 
strongly attracted than N, the distance between O and 
N will be increased ; suppose now a number of bodies, 
A, B, Z, C, D, F, N, E, placed round O, to be attract- 
ed by M, the parts Z and N will have their distances 
from O increased ; while the parts A and D, being near- 
ly at the same distance from M as O is, will not recede 
from each other, but will rather approach nearer to O by 
the oblique attraction of M. Hence, if the whole earth 
were composed of bodies similar to A, B, Z* C,"DVF, 
N, E, and to be similarly attracted by M, the section 
of the earth, formed by a plane passing through the 
moon and the earth's centre, would be a figure resemb* 
ling an ellipsis, having its longer axis ZN directed to- 
wards the moon; and its shorter axis AD in the horizon. 
The figure of the earth therefore would be an oblong 
spheroid, having its longer axis directed to the moon, 
consequently, it will be high water in the zenith and na- 
dir, at the same time ; and as the earth turns round its 
axis from the moon to the moon again in about 24 hours 
and 48 minutes, there will be two tides of flood and two 
of ebb in that time, agreeably to experience^ 
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According to the foregoing explanation of the ebbing 
tmd flowing of the sea, every part of the earth It gravi- 
tating towards the moon ; but as the earth revolves round 
the sun, every part of it gravitates towards the sun like- 
wise ; it may^be asked, how is this possible at the time of 
full moon, when the moon is at m-and the sun at S ; has 
the earth a tendency to fall contrary ways at the same 
time ? This is a very natural question, but it must be 
considered, that it is not the centre of the earth'that de- 
Bcribes the annual orbit round the sun, but the common 
centre of gravity of the earth and moon together ; and 
that whilst the earth is moving round the sun, it also de* 
scribes a circle round that centre of gravity, about which 
it revolves as many times as the moon revolves round 
the earth in a year.^ The earth isj therefore, constantly 
failing towards the moon, from a tangent to the circle 
which it describes round the common centre of gravity 
of the earth and moon. Let M represent the moon 
(Plate III. Figure 4.) TW a part of the moon*s orbit, 
and as the earth is supposed to contain about 40 times 
the quantity of matter which is contained in the moon, 
the common centre of gravity from the centre of tlie 
earth towards the moon, will be considerably less thaa ' 
the earth's diameter zf let this common centre of gravity 
be represented by C. Then while the moon goes round 
her orbit, the centre of the earth describes the circle 



* Fergoion's A^ntronomy, artiele f98. 

t Theeommoa centre of gravity of two bodies is found thus, u the 
sum of the weights, or quantities of matter in the two bodies is to their 
distance from each other, so is the wdght of the leas body to the dis- 
tance of the greater from the centre of gravity. Now, if the quantity 
of matter in the moon be represented by 1, that in the earth by 40, 
and the distance of the earth from the moon be estimated at £10,000 
miles, then 40 -f- 1 : 240,000 : : 1 : 5853 miles, the distance of the centre 
of the earth from the common centre of gravity. Mr A. Walker, in the 
11th lecture of his Familiar Philosophy, ingeniously accounts for il« 
being high-water in the aenith and nadir at the same time, I* the fol- 
lowing manner : *' The parts of the earth that are farthest from the 
moon, will have ^ swifter motion round the centre of gravity than the 
other parts; thus, the side n will describe the circle n ▼ T, while the 
side m will only describe the small circle mr s« round the centre of 
gravity C. Now. as every thi&g in motion always endeavours to go 
forward in a straight line the water at n having a tendency to go off in 
the line n q. will in a degree overcome the power of gravity, and swell 
into a heap of protuberance, as represented in the figure, and occasion 
a tide opposite to that caused by the attraction of tSft «eoB.'' 

12 
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Hoe round G, to which circle o a is a tangent : therefore, 
when (he moon has gone from M to a little past W, the 
earth has moved from o to e / |ind in that time has fallen 
towards the moon from the tangent at a to e* This fig- 
ure is drawn for the new moon, but the earth will tend 
towards the moon in the same manner during its whole 
revolution round C. 

Theorem IL Those parts of the earth where the moon 
appears in the horizon^ or 90 degrees distant from the 
Zenith and Sadir^ as at A and D, (Plate III. Fig- 
ure 3.) will have ebbs or, low water* 

For, as the water under the zenith and nadir rise at 
the same time, the waters in their neighbourhood will 
press towards those places to maintain the equilibrium ; 
and to supply the place of these waters, others will 
move the same way, and so on to places of 9(Vdegreei 
distance from the zenith and nadir ; consequently, at A. 
and D, where the moon appears in the} horizon, the wa- 
ters will have more liberty to descend towards the cen« 
tre of the earth ; and therefore, in those places they will 
* be the lowest. Hence, it plainly appears, that the ocean, 
if it covered the whole surface of the earth, would be a 
spheroid, (as was observed in the foregoing theorem) 
the longer diameter as ZN passing through the place 
.where the moon is vertical, and the shorter diameter as 
AD passing through the rational horizon of that place. 
And as the moon apparently"^ shifts her position from 
east to west in going round the earth every day, the lon«- 
ger diameter of the spheroid following her motion will 
occasion the two floods and ebbs in abiout 45 hours and 
48 minufes,f the time which any meridian of the earth 



* The real motion of the moon is from the vi%st towards the east ; 
for if «he be seen near any fixed star on any night, she will be seen 
about 13 degrees to the eastward of that star the next night, and so on. 
-The moon goes round her orbit from^any lixed ntar to the same again in 
about rr days 8 hours. Henec, 27 d, a h. 360^ : : 1 d, : IS* liX 14" S 
the mean motion of the mo'^n in Hk hours. 

t The mean motion of the moon in tk hours is tS» IC 14'^ ,6 and the 
mean apparent motion of the sun in the same time is 59' 8'' S {see ihf. 
note to dc/bitittwi 6!, page 13) the moon s motion is therefore 12» 11' 6" 
.4 swifter than (he apparent mm ion of the ran in one day, which, reek- 
0fiing4 niiaates to a degree, aaount» to 48 minates 44 seconda of tk&e. 
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takefl 10 reTolviog from the moon to the moon again ; 
or the time elapsed (at a medium) between the passage 
of the moon over the meridian of any place, to her re* 
turn to the &ame meridian. 

The meridian altitude of the moon at any place is her 
greatest height above the horizon at that place ; hence, 
the greater the moon's meridian altitude is, the greater 
the tides will be ; for they increase from the horizon D 
to the point Z under the zenith : and the greater the 
moon's meridian depression is below the horizon, the 
grea^ter the tides will be ; for they increase from the ho- 
rizon D towards N the point below the nadir, and con- 
sequently, as the tides increase from D to N, the tides in 
their antipodes will increase from A to Z. 

Theorem III. The time of high water is not precisely 
ai the time of the moon^s coming to the meridian^ InU 
about an hour after. 

For, the moon acts with some force af(er*she has pass- 
ed the meridian, and by that means adds to the librato* 
ry, or waving motion, which the waters ha4 acquired 
whilst she was on the qfieridian. 

Theorem IY. The tides are greater than ordinary 
twice every months vis. at the times of new and full, 
moony and these are called Sf rivg-tipes. {Plate UI, 
Figure 3.) 

For, at these times, the actions of both the sun and 
moon concur to draw in the same straight line SMZON, 
and, therefore, the sea must be more elevated. In con« 
junction, or at the new moon, when the sun is at S, and 
the moon at M, both on the same side of the earth, their 
joint forces conspire to raise the water in the zenith at 
Z, and consequently (according to Theorem |.) at N 
tiie nadir lilj^ewise.'^ When the sun and moon are in 



* Mr* Walker mys (Leciare llth) that at new moon " The Rui'sio* 
fluence is added to that of the moon, and the centre of gravity C (Plait 
UI.Kgurek.) vrilh therefore, be removed farther from the earth than 
m C, and of course, lAcrease the centrifugal tendency of the tide n : 
hence, both the attracted and centrifugaJ tides are spring-tides, at that 
iijne.*''-^** 9ut sprio^-tides take place at the full m well as »t the change 
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oppofi^ion, or at the full moon, wbea the bod is at B anil 
the moon nt m, the earth being between f heas ; while the 
tun raiseR the water at Z under the sefiith and at M fia- 
der the nadir, the moon raises the water at N Uflfder the 
nadir and at Z under the zenith. 

Theobem y. Tfce Itdes are less ikon orJRnary twice 
every monih ; that is abotd the time of the first and 
las/ quarters of the moon, crHd thtse are called N bap- 
tides. {Plate III. Figure 3.) 

Because, in the quadratures, or when the nMon is 90 
degrees from the 9un, the sun acts in the direction SDy 
and elevates the water at D and A ; and the moon act- 
ing in the direction MZ or mN, elevates the water at Z 
and N : so that the sun raises the water where the mooo 
depresses it, and depresses the water wbere the moon 
raises it ; consequently, the tides are formed only by the 



of the moon. Now, it has been premifed. that if we had no moon, th(> 
inn would agitate the ocean in a small degree, and make two tides every 
twenty-foulr hosrs, though upon a smalt scale. The moon's centritbgal 
tide at Z {Plait IIL Figure 8.) being increased by the sun's attrmjtkm 
•t S, will make the'^protuberanee a spring-tide ; and the <im'< eentrifit^ 
ml tide at N will befeinforced by the moon's attraction M m, and make 
the protuberance N a spriag-tide ; so spring-ttdes take 'pace at the full 
as well as change of the moon.'^— SnppoFe the moon to be taken away 
(Piaie III. Figure 4 ) the common centre of gravity of the earth and 
sun would fall entirely within the bo<ly of the sun, round which ihe 
earth revolves in a year at the rate of about a degree in a day : hetfce, 
the parts n of the earth farthest from the sun would have a little more 
tencfency to recede from the centre of motion S, than the parts m wfatcli 
are thft nearest So that if the siin were on the* meridian of any place 
it would be high water at that place by th(i sun's attraction, and it 
would at the same time be high water at the antipodes of that place l^ 
the centrifogal tendency of n ; consequently, as th^ earth revolves oa 
its axis from^noon to noon in 2i hours, there would be two tides of floo4 
and two of febb during that time. If the line m C be increased when 
tlie moon is in conjunction with the sun, so as to cnuse the point n to 
describe a lai^r circle than n Y Y, end also the point m to describe a 
larger cirde than mrt round the centre of gravity C ; when the sun is 
in opposition to the moon, the line m C will be diminishsd. n wilf 
therefore describe a omaller circle than n Y Y, and m will describe • 
smaller circle than mrt. Hence, it appears^ that the centrifugal ten* 
deney of n is greater at the new moon than it is at the ftill moon, and Vi 
is likewise mot^ strongly attracted 9t the same time; the spring-tides 
•t the time of eonjunction would th^refo#e be considerably greater than 
•t the time of opposition, 'were not the moon*s centrifugal tide at tkia 
time attracted by the sun, and the wn*! eeatrilvni tile added to that 
espied by the moofi^aittraetloa. 
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dittutemce between the attrtoti^ force of tke ttm tad 
moon. — The waters at Z and N will be more eleTated 
than the waters alD and A, because the moon's attrac- 
tire force is fotur^ times that of the sun. 

Theorem VL Tke sprmg-iides do twt kappm er- 
«c% on the dajfeftke ckmge or full mooHj nor the 
neap'tides exactly on the days of the fumrieti^ tnU a 
day or two afterwards. 

When the attractions of the sun and moon have con* 
spired together for a cnmsiderable time, the motion im« 
pressed on the waters will be retained for some time fir 
ter their attractive forces ceose^ aiid coosejqpiOBttjr, thja 
tide wtti continue to rise* In iil^e manner at the qvar^ 
ters, the tide will be the lowest when the moon's ottra^- 
tionhas been lessened by the sui*s for several dojs io^ 
get her. — If the action of the son and moon were suddenr 
Ijr to cease, the tides would continue their course for 
some time, like as the waves of the sea continue to be 
agitated after m storm. 

Theorem YIL When the moon is nearest to the earthf 
or in Perigee^ the tides increase more than in simi* 
lar cifwrn^Umees ai other times* 

For the power of attraction increases as the square of 
the distance of the moon from the earth decreases ; con- 



• 8ir Iwac Newton, Cor. 5. Prop. XXXVII. Boo^IIl. Prindpia, 
makes the force of the moon to that of the $un, in raifinfi; the waters of 
the ocean, as 4.4815 to 1 ; f nd in Corol 1. of the same proposition, lie 
ealcnlates the height of the solar tide to be £ feet e inches |, the lamr 
tided feet 1 iochf. and by their Jotnt attraction 11 foett Inebes; 
when the moon is in Perigee, the joint force of the snn and moon wilt 
raise the tides upwards of iS^ feet. — Sir Isaac Newton's measare* are in 
French feet in tne Principia. I have tnmed them into Ensiish feet. 

Mr. Emerson, in his FInxionP, Section III. Prob. 25. caTculatas the 
greatest height of the solar tide to be 1 63 feet, the lunar tide 7 28lRset, 
and by their joint attractions 8.91 feet, making the force of the ran to 
that of the moon as I to 4 4815. 

Dr. Horsley. the late fiishop of^t Asaph, estimates the force of tifas 
moon to that of the sun as 5.0469 to K ^ee h is edition of the Principia, 
lib. S. sect 3. Prop.XXXVl. and XXXVII. 

Mr. WalJier, in liectnrellth of his Familiar Philosophy, stafhs the 
influence of the sun to be to the influence of the moon to raisa the wateVt 
as dii to 10| and their joint force 15. 
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■eqaentlji the mooD must attract most when she is near- 
est to the earth. 

Theorem VIIL T%e spring tides are greater a short 
time before the vernal equinox^ and yler the autumn 
not equinox^ vis. about the latter end of March and 
September^ than at any other time of the year. (Plate 
HI. Figured) 

Because, the sua aod moon will then act upon the 
equator in the direction of a/ B ; consequently, the 
■pheroidal figure of the tides will then-revolve round its 
longer axis, and describe a greater circle than at anj 
other time of the year ; and, as this great circle is de- 
Si^ribed in the same time that a less circle is described, 
the waters will be thrown more forcibly against the 
shores in the former circumstance than in the latter. 

Theorem IX. Lakes are not subject to tides; and 
small inland seas^ such as the Mediterranean and 
BaltiCf are little subject to tides. In very high laU- 
tudeSf north or sou^^ the tides are also ihconsider^ 
able. 

The lakes are so small, that when the moon is vertical 
she attracts every part of them alike. The Mediterra- 
nean and Baltic seas have very small elevations, because 
the inlets by which they communicate with the ocean 
are so narrow, that they cannot, in so short a time, re- 
ceive or discharge enough to raise or lower their surfa- 
ces sensibly. 

Thborbm X. The time of the tides happening in par- 
ticular places^ and likentise their height^ may be re- 
«^ different according Iq the situfUion of these pla- 
tes. 

For, the motion of the tides is propagated swifter in 
the o*pen sea, and slower through narrow channels or 
shallow places ; and, being retarded by such impedi' 
ments, the tides cannot rise so high. 
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Crenerdl ObservaOons. 

• The new and full moon spring^tides rise to different 
heights. 

The morning tides differ generally in their rise from 
the evening tides. 

In winter, the morning tides are highest. 

In summer, the evening tides are highest. 

The tides foUow, or flow towards the course of the 
moon, when thej meet with no impediment. Thus, the 
tide on the coast of Norway flows to the south, (towards 
the course of the moon) from the North-cape in Nor- 
way to the Naze, at the entrance of the Scaggerac, or 
Cattegate Sea, where it meets with the current which 
sets constantly out of the Baltic Sea, and consequently, 
prevents any tide rising in the Scaggerac. The tide 
proceeds to the southward along the east coast of Great 
Britain, supplying the ports successively with high wa- 
ter, beginning first on the coast of Scotland. * Thus, it is 
high water at Tynemouth Bar at the time of new and 
full moon about three hours after the time of high water 
at Aberdeen ; it is high water at Spurn-head about two 
hours after the time of high water at Tynemouth Bar; 
in an hour more it runs down the Humber, and makes 
)»igh water at Kingston upon Hull; it is about three 
hours running from Spurn-head to Yarmouth Road ; 
one hour in running from Yarmouth Road to Yar« 
mouth Pier ; 2-^ hours in running from Yarmouth Road 
to Harwich ; 1| hour in passing from Harwich to the 
Nore ; from whence it proceeds up the Thames to 
Gravesend and London. From the Nore, the tide con- 
tinues to flow to the southward to the Downs and God- 
win Sands, between the north and south Foreland in 
Kent, where it meets the tide which flows out of the En- 
glish Channel through the Strait of Dover. 

While the tide, or high water, is thus gliding to the 
southward along ihe eastern coast of Great Britain, it 
also sets to the southward along the western coasts of 
Scotland and Ireland: bat on account of the obstructions 
it meets wiih by the Western Islands of Scotland, and 
the narrow passage between the north-eaat of Ireland, 
and the south-west of Scotland, the tide in the Irish sea 
comes round by the south of Ireland through St. Gefrge's 
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Chaonel, aod ruas in a oorttHeaBt direction till it meets 
the tide between Scotland and Ireland, at the north*west 
part of the lale of Man. Thia maj be naturaUf inferred 
from iU being high water at Waterford above 3 hours 
before it is high water at Dublin, and it is high water at 
Dundalk Baj and the Isle of Man nearly at the samr 
time. That the tide continues its course southward may 
be inferred Grom its being high water at Uahant, opposite 
to Brest in France, about an hour after the time of high 
water at Cape Clear, on the southern coast of Ireland. 
Between the Lisard Point in Cornwall and the island of 
Ushant, the tide flows eastward, or east north-east, up 
the English Channel, along the coasts of Engfaind and 
France, and so on through the strait of Dover till It 
comes to the Godwin Sands or Galloper, where it meets 
the tide on the eastern coast of England, as has beea 
observed before. The meeting of these two tides con- 
tributes greatly towards sending a powerful tide up the 
river Thames to London ; and when the natural course 
of these two tides has been interrupted by a sudden 
change of the wind, so as to accelerate the tide which 
it had before retarded, and to drive back that tide which 
bad before been driven forward by the wind, this cause 
has been known to produce high water twice in the 
course of three or foi^ hours. The above account of 
the British tides seems to contradict the general theorj 
of the motions of the tides, which ought always to follow 
the moon, and flow from east to west: but, to allow th« 
tides their full motion, the ocean in which they are pro-' 
duced ought to extend from east to west at least 90 de^- 
grees, or 6255 English miles ; because, that is the dis* 
tance between the places where the water is the most 
raised and depressed by the moon. Hence, it appears 
that it is only in the great oceans that the tide can flow 
regularly from east to west; and, hence, we also see whj 
the tides in the Pacifik; Ocean eiLCeed those in the At- 
lantic, and why* the tides in the torsid zone, between 
Africa and America, though nearly linder the moon, do 
not rise so high as in the temperate zones northward and 
southward, where the oeean is considerably wider. The 
tides in the Atlantic,- jfn the torrid zone, flow frdtn east 
to west till they are stopped by the continent of Ameri* 
ca { there the trade winds likewise continue to blow in 
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that direction. When the action of' the moon upon the 
waters has in some degree ceased, the forqe of the trade 
winds, in a great measure, preTcntA their return towards 
the African shores. The water thus accumulated^ in 
the gulf of Mexico, returns to the Atlantic between the 
Island of Cuba, the Bahama Islands, and East Flori- 
da, and form that remarkable strong current called the 
Gulf of Florida. « 



CHAPTER VII. 

Of the Natural Changes of the Earthy caused by Motiii- 
tainSf Floods, Volcanoes^ and Earthquakes. 

THAT there have always been mountains from the 
foundation of the world, is as certain as that there have 
always been rivers, both from reason and revelation ;f 
for they were as necessary before the flood for every 
purpose as they are at present. If the earth were per- 
fectly level, (as some of our world-makers have imagin- 
ed, though directly contrary to the^ Scripture) there 
could be no rivers, for water can flow only from a higher 
to a lower place ; and instead of that beautiful variety 
of hills and valleys, verdant fields, forests, &c. which 
serve to display the goodness and beneficence of the 
Deity, a dismal* sea would cover the whole face of the 
earth, and render it at best an iiabitation for aquatic ani- 
mals only. 

, All mountains and high places continually decrease in 
height* Riveirs running near mountains undermine and 
wash a part of them away, and rain falling on their sum- 



* Toihow that an accumulation of water does take place in the 
gulf Qf Mexico, a survey wad inad^ across the isthmus of Darien, when 
the water on the Atlantic was found to be 14 feet higher than the wa- 
ter on the Pacific side. Wa&er's Familiar Philosophy, Lecture xi. 

t Four rivers, or rather four branches of one river, are exprecisly 
mentioned before the flood, viz. PUwiy Gihon, Hiddekel^ and the Ew 
phizes* Genesis, chap. ii. And in the 7th chapter of Genesis, at thm 
time of the flood, we are told that the fountains of the great deep were 
broken up, th*e windows of heaven were*opened, the waters prevailed 
exceedingly upon the earth, and all the high hills and mountains were 
covered. 

13 
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mits washes away the loose parts, and saps the founda- 
tioi^s of the solid parts, so that, in course of time, they 
tumbte down. Thus, old buildings on the tops of moun- 
taios are observed to have their foundations laid bare by 
the gradual washing away of the earth. In plains and 
valleys we find a contrary effect ; the particles of earth 
washed down from the hills, fill up the valleys, and an- 
cient houses, built in low places, seem to sink. For the 
same reason, a quantity of mud, slime, sand, earth, &c. 
which is continually washed down from the higher pla- 
ces into the rivers, is carried by the stream, and, by de- 
grees, choaks up the mouths of rivers, especially when the 
soil through which they run is of a loose and rich quali- 
ty. Thus, the water of the river Mississippi, though 
wholesome and well tasted, is so muddy, that a|sediment 
of two inches of slime has been found in a half'pint tuni- 
bler of it ;^ this river is choaked up at the mouth with 
the mud, trees, &c. which are washed down it by the ra- 
pidity of the current. / 

A circumstance related by Dr^ Plot, in his Natural 
History of Stafibrdshire, will serve to give an idea of 
the quantity of earth which the rain washes from moun- 
tains, and carries along with it into the .valleys. He 
says, that, at eighteen feet deep in the earth, a great 
number of pieces of money, coined in the reign of Ed- 
ward V. (viz. two hundred years before his time,) have 
been found ; so that this ground which is boggy, has in- 
creased near a foot in eleven years, or an inch and one- 
twelfth every year. 

The highest mountains in the world are the Andes, in 
South America, which extendnear4300 miles in length, 
from the province of Quito to the strait of Magellan ; 
the highest, called Chimbora9o, is said to be 20608 feet, 
or nearly four miles, above the level of the sea ; 2400 
feet of which, from the summit, are always covered with 
snow. From experiments made' with a barometerf on 



• Morse*^ American Geography. 

t The^M^cksilver in a barometer falls abont one-tenth of an inch eve- 
ry 32 yards of height ; (SO that, if the quicksilver descend three-tenths of 
an inch, in ascendinz a hill, the perpendicular height of that hill will be 
96 yards. This meuod is liable to error. See the causes which affect 
the accuracy of Barometrical experiments, in the Edinburgh Philo- 
sophical Transactions, by Mr. Playfair ; and in Keith's Trigonometry, 
second edition, page 91. 
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the mountain Cotopaxi, another part of the Andes, it ap- 
peared that its summit was elevated 6252 yards, or up- 
wards of 3^ miles above the surface of the sea. There 
is a mountain in- (he island of Sumatra, called Opi*ir by 
the Europeans, the summit of which is 13842 feet high ; 
the Peak of Teneriffe, in the island of that name, is said 
to be 13265 feet, or upwards'of 2| miles high. Ment 
Blanc, the highest mountain in Europe, is 15304 feet a- 
bove the level of the sea. These irregularities, althougli 
very considerable with respect to us, are nothing when 
compared with the magnitude of the globe : thus, if an 
inch were divided into one hundred and eleven parts, the 
elevation of Chimbora^o, the highest of the Andes, on a 
globe of eighteen inches in diameter, would be represent- 
ed hy one^ of these parts. 

Hence the earth, which appears to be crossed by the 
enormous height of mountains, and cut by the valleys 
and the great depth of the sea, is nevertheless, with re- 
spect to its magnitude, only very slightly furrowed with 
irregularities, so trifling indeed, as to cause no difference 
in its figure. 

Having, in some measure^ accounted for the descend- 
ing of the earth from the hills, and filling up the valleys, 
stopping the mouths of rivers, &c. which are gradual, and 
much the same in all ages, the more remarkable changes 
may be reduced to two general causes, floods and earth- 
quakes. 

The real or fabulous deluges mentioned by the an- 
cients, may be reduced to six or seven ; and, though 
some authors have endeavoured to represent them all as 
imperfect traditions of the universal deluge, recorded in 
the sacred writings, the abbe Mann,t from whom the 
following observations are extracted, does not doubt but 
that they refer to various real and distinct events of the 
kind. 

1. The submersion of the iJ^Ianh'^ of Plato, probably 
was the real subsidence of a great island, stretching from 
the Canaries to the Azores, of which those groups of 
small islands are the relics. 



* See the note (Chap. III. page 54) of the figure of the Earth, 
t Vide Nouveaux Memoires de PAcademie Imperiale Sc Koyale dc» 
Sciences etdes Belles Lettres, de Brussels, tome premier, ITSl. 
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2. The deluge in the time of Cadmus^ andDardaouSy 
placed by the beat chronologiata in the year before 
Christ, 1477» is said by Diodorus Siculus to have inun* 
dated Samothraee and the Asialic shores of the Euxine 
sea. 

3. The deluge of Deucalion, which the Arundelian 
marblesyf or the Parian Chronicles, fix at 1529 years be- 
fore Christ, overwhelmed Thessaly. 

4. The deluge of Ogyges, placed by Acusilaus in the 
year answering to 1796 before Christ, laid waste Attica 
and Boeotia. With the poetical and fabulous accounts 
of Deucalion's flood, are mingled several circumstances 
of the universal deluge ; but the best writers attest the 
locality and distinctness botb'of the flodd of DeucalioD 
and Ogyges. 

5» Diodorus Siculus, after Manetho, mentions a flood 
which inundated all Egypt in the reign of Osiris ; but, in 
the relations of this event, are several circumstances re- 
aembling the history of Noah's flood. 

6. The account given by Berosus, the Chaldean,i>f an 
universal deluge in the reign of Xisuthrus, evidently re- 
lates to the same event with the flood of Noah. 

7. The Persian Guebres, the Bramins, Chinese, and 
Americans, have also their traditions of an universal de- 
luge. The account of the deluge b the Koran has this 
remarkable circumstance, that Uie waters which cover- 
ed the earth, are represented as proceeding from th^ 
boiling over of the cauldron, j; or oven, Tannour, within 
the bowels of the earth ; and that, when the waters sub- 
sided, they were swallowed up again by the earth. 

The abb6 next gives a summary of the Scripture ac- 
count of Noah's flood, and points out very clearly, that 



* The ancient names which occur here may a]I be found in Lem- 
priere^s Classical Dictionary. 

t Ancient stones, whereon is inscribed a chronicle of the city of 
Athens, engraven in capital letters, in the island of Paros, one of the 
Cyclades. S64 yean before Christ. They take their name from Fhomas, 
Earl of Arundel, who procured them from the East. They were pre- 
sented to the University of Oxford in the year 1667, by the Hon- Hen- 
ry Howard, afterwards duke of Norfolk, grandson to the first collector 
of them. 

jt This circumstance is mentioned here, because it agrees with Mr. 
Wnitehurst's the6ry of the earth ; he ^nipposes the flood was occasioned 
by the expansive force of fire geaerated at the centre of the earth. 
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J»art of the waters came from the atmosphere, and part 
rom under ground, agreeably to the 11th verse of the 
viith chapter of Genesis. 

Earthquakes are another great cause of the changes 
made in the earth. ( From history, we have innumerable 
instances of the dreadful and various effects of these ter^ 
rible phenomena. Pliny has not only recorded many 
extraordinary phenomena which happened in his own 
tirae, but has likewise borrowed many others from the 
writings of more ancient nations. 

4>^ city of the Lacedemonians was destroyed by an 
earthquake, and its ruins wholly buried by the moun- 
tain Taygetus falling down upon them.^ 

2. In the books of the Tuscan Learning, an earthquake 
is recorded, which happened within the territory of Mo- 
dena, when L. Martius and S. Julius were consuls, 
which repeatedly dashed two hills against each other ; 
with this conflict all the villages and many cattle were 
destroyed. 

3. The greatest earthquake in the memory of man, 
was that, which happened during the reign of Tiberius 
Caesar, when twelve ^cities of Asia were laid level in one 
night.f 

4. The eruption of Vesuvius, in the year 79y% over- 
whelmed the two famous cities of Hercu]aneum§ and 
Pompeii, by a shower of stones, cinders, ashes, sand, 
&c. and totally covered them many feet deep, as the 
people were sitting in the theatre. The former of these 
cities was situated about four miles from the crater, and 
the latter about six. 

By the violence of this eruption, ashes were carried 
over the Mediterranean sea into Africa, Egypt, and 
Syria; and at Rome they darkened the air on a sudden, 
BO as to hide the face of the sun.|| 



* Pliny's Natural History, chap. T9. 

t Pliny, chap. 84. 

X Pliny tost his life hy this eruption, from too eager a curiosity in 
viewing the flames. 

k This city was discovered in the year 1736, eighty feet below the 
surface of the earth ; and some of the streets of Pompeii, &c. have since 
been, discovered. 

It Burnet's Sacred History, page 85, vol. ii. 
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5. In the year 1533, large pieces of rock were thrown 
to the distance of fifteen miles, bjthe volcano Cotopaxi, 
in Peru.'**' 

6. On the 29th of September, 1535, previons to an 
eruption near Puzzoli, which formed a new mountain of 
three miles id circumference, and upwards of 1200 feet 
perpendicular height, the earth frequently shook, and 

.the plain lying between the lake Averno, mount Barba- 
ro, and the sea, was raised a little ; at the same time 
the sea, which was near the plain, retired two hundred 
paces from the shore.f 

7. In 'the year 1538, a subterraneous fire burst open 
the earth near Puzzoli, and threw such a vast quantity of 
ashes and pumice stones, mixed with water, as covered 
the whole country, and thus formed anew mountain, not 
lesf than three miles in circuniference, and near a quar- 
ter of a mile perpendicular height. Some of the ashes 
of this volcano reached the vale of Diana, and some parts 
of Calabria, which are more than one hundred and fifty 
miles from Puzzoli.^ 

8. In the year 1538, the famous town called St. En- 
phemia, in Calabria UlterJor, situated at the side of the 
bay under the jurisdiction of the knights of Malta, was 
totally swallowed up with its inhabitants, and nothing 
appeared but a fetid lake in the place of it.$ 

9. A mountain in Java, not far from the town of Pa- 
nacura, in the year 1586, was shattered to pieces by a 
violent eruption of glowing sulphur, (though it had never 
burnt before,) whereby ten thousand people perished in 
the underland fields. || 

10. In the year 1600, an earthquake happened at Ar- 
qiiepa, in Peru, accompanied with an eruption of sand, 
ashed, .&c. which continued during a space of twenty 
days, from a volcano breaking forth : the ashes falling, 
in many places, above a yard thick, and in some places 
more than two, and where least, above a quarter of a 
yard deep, which buried the corn grounds of maize and 



♦ UDoa's Voyage to Peru, vol. i. p. S24. 

t Sir William Hamiltoa's Obsenratioas on Vesuvius. 

t Ibid, p, 128. 

I Dr. Hookers Port. p. 306. 

]| Vareniufl's Geography, vol. i. p. 150. 
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wheat. The boughs of trees were broken, and the cat* 
tie died fur want of pasture ; for the sand and ashes, thus 
erupted, covered the fields ninety miles one waj, and 
one hundred and twenty another way. During this erup- 
tion, mighty thunders and lightnings were heard and seen 
ninety miles round Arquepa, and it was so dark whilst 
the showers of ashes and sand lasted, that the inhabi- 
tants were obliged to burn candles at mid-day.^ 

11. On the I6th of June, 1628, there was so terrible 
an earthquake in the island of St. Michael, one of the 
Azores, that the sea near it opened, and in one place, 
where it was one hundred and sixty fathoms deep, threw 
up an Island ; which in fifteen days, was three leagues 
long, a league and a half broad, and 360 feet above the 
water.f 

12. In the year 1631, vast quantities of boiling water 
flowed from the crater of Vesuvius, previous to an erup- 
tion of fire ; the violence of the flood swept away sever- 
al towns and villages, and some thousands of inhabi- 
tants.:|; 

13. In the year 1632, rocks were thrown to the dis- 
tance of three miles from yesuvius.§ 

14. In the year 1646,,many of those vast mountains, 
the Andes,|| were quite swallowed up and lost.^ 

15. In the year 1692, a great part of Port Royal, in 
Jamaica, was sunk by an earthquake, and retnains cov- 
ered with water several fathoms deep ; some mountains 
along the rivers were joined together, and a plantation 
was removed half a mile from the place where it former- 
ly stood.** 

16. On the 11th of January, 1693, a great earth- 
quake happened in Sicily, and chiefly about Catania ; 
the violent shaking of the earth threatened the whole is- 
land with entire desolation. The earth opened in sev- 
eral places in very long clefts, some three or four inches 



* Dr. Hooke's Post p. dOi. 

t Sir W. Hamilton's Observations on Vesuvius and ^tna, p. 159. 
t Ibid. 

« Baddap's Abridg. Phil. Trans, vol. ii. p. 417. 
II M. Gondamine represents these mountains and the Appemnei m 
chains of volcanoes, see his Tour through Italy, 1755. 
T Dr. Hooke's Post p. 506. 
** Lowthorp^ Abridg. Phil. Trans. roL U. p. 417. 
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broady others like gr^at gulfs. Not less than 59,969 pert 
sons were destroyed by the falling of houses indifferent 
parts of Sicily.^ 

17. In the year 1^99, seven hills were sunk by an 
earthquake in the island of Java, near the head of the 
great Batavian riTer, and nine more were also sunk near 
the Tangarang river. Between the Batavian and Tan- 
garang rivers, the land was rent and divided asunder, 
with great clefts more than a foot wide.f 

18. On the 20th of November, 1720, a subterraneous 
fire burst out of the sea near Tercera, one of the Azores, 
which threw up such a vast quantity of stones, &c. 
in the space of thirty days, as formed an island about 
two leagues in diameter, and nearly circular. Prodi- 
gious quantities of pumice stone, and half-broiled fish, 
were found floating on the sea for many leagues round 
the island .;{: 

19. In the year 1746, Calloa, a considerable garrison 
town and sea port in Peru, containing 5000 inhabitants, 
was violently shaken by an earthquake on the 28th of 
October ; and the people had no sooner began to recov- 
er from the terror occasioned by the dreadful convul- 
sions, than the sea rolled in upon them in mountainous 
waves, and destroyed the whole town. The elevation 
of this extraordinary tide was such, as conveyed ships of 
burden over the garrison walls, the towers, and the town. 
The town was razed to the ground, and so completely 
covered with sand, gravel, &c» that not a vestige of it 
remained. § j 

20. Previous to an eruption of Vesuvius, the earth 
trembles, and subterraneous explosions are heard ; 
the sea likewise retires from the adjacent shore, till the 
mountain is burst open, then returns with impetuosity, 
and overflows its usual boundary. These undulations 
of the sea are not peculiar to Vesuvius ; the earthquake, 
which destroyed Lisbon on the first of November, 1755, 
was preceded by a rumbling noise, which increased to 
such a degree as to equal the explosion of the loudest 



* Lowtborp*8 Abridg. Phil. Trans, vol. ii. p* 408, 409. 
t Ibid.vol ii. p.419. 

X Barnes* Abridg. Phil. Trans, vol. yi. part ii. p. S05. 
i Osborne's Reiatioa of Barthquftkes. 
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cannoA* About an hour after these shocks, the sea wa^ 
observed from the high grounds to come rushing towards 
the citj like a torrent, though against wind and tide ; it 
rose forty feet higher than was ever known, and sudden- 
ly subsided. At Rotterdam, the branches or chande- 
liers in a church were observed to oscillate like a pen- 
dulum ; and we are told that it is no uncommon thing to 
see the surface of the earth undulate as the waves of the 
sea, at the time of these dreadful convulsions of nature.'!^ 

21. The last eruption of Vesuvius, happened in July, 
1794,' being the most violent and destructive of any 
mentioned in history, except those in 79 and 1631. The 
lava covered, and totally destroyed 5000 acres of rich 
vineyards and cultivated lands, and« overwhelmed the 
town of Torre-del-Oreco ; the inhabitants, amounting to 
18,000, fortunately escaped ; and the town is now re- 
building on the lava that covers their former habitations. 
By this eruption the top of the mountain fell in, and the 
mouth of Y esuvius is now little short of two miles in cir- 
cumference. 

Earthquakes are generally supposed to be caused br 
nitrous and sulphureous vapours, Inclosed in the bowels 
of the earth, which by some accident take fire where 
tliere is little or no vent. These vapours may take fire 
by fermentation,! or by the accidental falling of rocks 
and stones in hollow places of the earth, and striking a- 
gainst each other. When the matters which form sub- 
terraneous fires ferment, heat, and inflame, the fire 
makes an effort on every side, and, if it does not find a 
natural vent, it raises the earth and forms a passage by 
throwing it up, producing a volcano. If the quantity 
of substances which takes fire be not considerable, an 
earthquake may ensue without a volcano being formed. 
The air produced and rarefied iby the subterraneous 
fire, may also find small vents by which it may escape, 
and in this case there will only be a shock, without any 



« See the Phil. Trans* respecting the earthquake on the first of No- 
vember, 1755, vol. xlix. part 1. 

t An equal quantity of sulphur and the filings of jron (atwut 10 or 
151b.) worked into a paste with water, and buried in the ground, will 
burst into a flame in eight or ten hoursj and cause the earth nwnid h t^ 
tremble. 

14 
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eruption or yolcano. Agaiof all inflamiaabletobBtaiiceSt 
capable of explosion^ producey by ioflaminatiooy a great 
quantity of air and vapour, and auch air will itecesaarily 
be .in a stale of very great rarefaction : when it is com- 
pressed in a small space, like that of a cavern, it will not 
shake the earth immediately above, but will search for 
passages in order to make its escape, and will proceed 
theough the several interstices between the different 
strata, or through any channel or cavern which mayaf- 
ford it a passage. This subterraneous air or vapour 
will produce in its passage a noise and motion propor* 
tiooable to its force and the resistance it meets with : 
these effects will continue till it finds a vent, perhaps in 
the sea, or till it has diminished its force by expansion. 

Mr. Whitehurst imagines, that fire and water are the 
principal agents employed in these dreadful operations 
of nature ;^ and that the undulations of the sea and 
earth, and the oscillations of pendulous bodies, are phe- 
nomena which, arise from the expansive force of steam, 
generated in the bowels of the earth by means of subter- 
raneous fires; the force of steam being twenty -^ight 
times greater than that of gunpowder, viz. as 14,000 is 
to500.t 

It is evident, that there is a great quantity of steim 
generated in the bowels of the earth, especially in the 
nei^bourhood of volcanoes, from the frequent eruptions 
of boiling water and steam, in various partsof the world. 
Dr. Uno Von Troil, in his Letters on Iceland, has re- 
corded many curious instances. ^ One sees here,^' says 
he, ** within the circumference of half a mile, or three 
English miles, forty or fifty boiliiig springs together : in 
some, the water is perfectly clear, in others, thick and 
clayey , in some, where it passes through a fine ochre, it 
is tinged red as scarlet ; and in others, where it flows over 
a paler clay, it is white as milk.'' The water spouts up 
from some of these springs continually, from others only 
at intervals. The aperture, through which the water 
rose in the largest spring,-was nineteen feet in diameter,' 



* M. IMomien sMinsto be of the same opinibii.t 
t Inquiry into tbe Original State and Formation of the Earth, chap, 
xi, page 112, 



attd tbe greatest height to whieh it threw a cohimn t^ 
wat^r was ninetj^wo feet. Preiiem to this eruption, 
a aublerraneotts noise was frequenfijr heard like the ex- 
plosiofl of caoBOR land sereral stones which were thrown 
mto tke aperture diiriflg the eraptioa^ returned with the 
spouting waiir> 



CHAP. VIIL 

Bj/pothest8 of the Antediluvian worlds and the cause of 
iVoaA'3 Flood. 

** Oo, teach eternal Wisdom how to rale, '^ -.. 

'Then drop into ihyieH; and Ve a fed.** toPs. - 

THERE have been various opinions, eonjecturos, 
and hypotheses, respecting the original formation' of the 
earth* The writers of these hypotliesesi not satisfied 
irith the Mosaical account of the creation, though thej 
haA no other certain foundcliott io build npon, thought 
themselves at liberty to model the earth according to 
this dicM^B of their own imaginationa* Hence, we Imre 
had as great a variety of theoretical systems as writers, 
and ibeji^ so contradictory and discordant to each other, 
that, instead of throwing light upon the subject, they 
have, if possible, involved it in greater obscurity.* 

1. 0B. BURNETS THEORY.t 

Dr. Burnet supposes that t}ie earth was originally a 



• The object of aU the writers is to ^rore that "SqMs iload might 
have been produced by Datural causes, without the immediate interposit 
tion of , the Almighty.. Each of these hypotheses contains much useful 
information, blended in the common mass of fiction and conjecture. 
The author of this work has been induced to drew up, in es small a 
Compass as possible, a general outline of each of these hypotheses ; and 
to show occasionally, in short notes, the insufficieiicv of any of them to 
account for the preservation of mankind, and the difierent animals, with- 
out tbuB partkular protection of the Divine Power. 

t ^Pn Keill's examination and confutation of this Aeorv. Bf, 
Goldsmith, in his Animated Nature, calls ite theory alike distinguish- 
ed for the elegance of its leaguage, and the shallowaess of its argu- 
neatk 
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flfiid maMor chaoit composed orirariodSBiibstaaces, diS* 
fering both ia density and figure : those which were the 
most dense sunk to the centre, and. formed there a hard 
solid body; those which weire specifically lighter re* 
mained nent above ; and the waters, which were still 
lighter, covered the whole surface of the earth* The air 
and other ethereal fluids, which were lighter than wa- 
fer, floated above the waters, and totally surrounded the 
globe. Between the waters, however, and the circum* 
ambient air, was formed a w^t of oily and unctuous 
matter, lighter than water. The air at first was very 
impure, and must necessarily have carried up . with it 
many of tbolKi^articles with which it was once blended : 
however, it soon began io puWfy itself, and deposit 
those particles upon the oily crust above mentioned, 
which soon uniting together, th^ earth and oil became the 
crust of vegetable earth, with which the whole globe is 
now covered.. 

At this time the earth was smooth, regular, and uni*^ 
form, without mountains, and without a sea. In order 
to form rivers, he supposes the heat of the sun cracked 
the outward crust or the earth, and so raised vapours 
from the great abyss below. There was no diversity or 
alteration W the seasons of the year, but a perpetual 
summer ; the heat of the sun therefore, acting continu** 
ally upon the earth, made the cracks or fissures wider 
and wider, and, as it reached the waters in the abyss, it 
began to rarefy them, and generate steam or vapour. 

These vapours being pent in by the exterior earth, 
pressed with violence against the criist, and broke it in- 
to millions of fragments ;9 these fragments falling into 
the abyss, drew down with them vast quantities of air. 



* During these violent convulsions in nature, how were Noah anil 
the animals preserved without the immediate interposition of Provi- 
dence ? The only animals that could stand any chance of escaping des- 
truction woindbe the fishes ; and how they coul^ exist in the great d- 
hyss helow, withdut air, is not easy to conceive. There was no wa- 
ter on the surlace of the earth till the excessive beat of the sun 
craclEed the oily and vegetable crust: now, if the animals and 
Adam, Sic were treated before this crust was cracked, bow did they 
exist withoi^ water ? Id the Mosaical account of the creation, in the 
filvt chapter of Genesis, we find the wisdom and goodness of God disn 
played, by providing subsistence for his creatures before thay were 
created* .*<.■:-, -. - 
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aod by daahiDg agunst each. other, and breaUog into 
Bmall parts by the repeated yiolence of the shock, they at 
leagthleft between them large cavities, containing noth- 
ing but air. These cavities naturally offered a bed to 
receive the inflaent waters ; and, in proportion as they 
filled, the face of the earth became once more visible. 

The higher parts of its surface now became the tops 
of flEMHintains, and were the first that appeared; the 
plains next made their appearance ; and at length the 
whole globe was freed from the waters, except the pla- 
ces in the lowest stations ; so that the ocean and seas are 
still apart of the ancient abyss. Islands and rocks are 
fragments of the earth's former crust ; continents are 
larger masses of its broken substance ; and all the in- 
equalities which are to be found on the surface of the 

Ereaeat earth, are effects of the confusion into which 
oth the earth and water were at that time thrown. 

I>B. WOODWARD'S THEORY.* 

Dr. Woodward begins with asserting, that all earthly 
substances are disposed ia beds of various natures, ly- 
ing horizontally one over the other, similar to the coats 
of an onion ; that they are replete with shells and oth- 
ec productions of the sea, these shells being found in 
the deepest cavities, and on the tops of the highest 
mountains. 

From these observations, which are warranted by ex- 
perience, he proceeds to observe, that these shells and 
extraneous fossils are not productions of the earth, but 
are ail actual remains of those animals which they are 
known to resemble ; that all the strata, or beds of earthi 
lie underneath each other in the order of their specific 
gravity ,t and that they are disposed as if they had 
been left there by subsiding waters ; consequently, all 



* See Dr. Arbutbnot's examination of thii theory, and eompariioa 
thereof with Steno*8 hypothesii. 

t This if by no means true, for we finil layers of stone over the 
luiitest soils, ao4 the softest earth, under the hardest bodies. The spe- 
ciTO eravit^r of water is less than that of earth ; and, therefore, 
would, if this hypothesis were true, constantly overflow the earth ; 
and, instead of a terraqueous, we should hare an aqueous surface, a fit 
habitation for nothing but fishes ! 
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t 
the rabstaaces of which the earth was composed were 
origioally ia a state of dissoiutioD. This dtesoIotioD he 
suppoaea to have taken place at the flood : but", being 
aware of ao objection, that the shells, &c. supposed to 
have been deposited at the flood, are not dissolved, he 
exempts them from the solvent power of the waters^ and 
endeavours to show, that the j have a stronger cohesion 
than minerals ; and, that while even the hardest rocks 
are dissolved, bones and shells may remain entire. 

a* Mb. WHI^TON'S thbort.* 

Mr. Whiston supposes the earth was originallj' « 
comet ; and considers the Mosaic account of the erea* 
tion as commencing at the time when the Creator plac- 
ed this comet in a more regular manner, and made it.a 
planet in the solar sjstem* Before that time he sup- 
poses it to have been a globe without beautj or pro- 
portion ; a world- in disorder, subject to all the vicissi- 
tudes that comets endure, and alternately exposed to 
the extremes of heat and cold. These alterations of heat 
and cold, continually melting and freezing the surface 
of the earth, he supposed to have produced, to a cer- 
tain depth, a chaos surrounding the solid contents of the 
earth. The surrounding chaos he describes as a dense 
though fluid atmosphere, composed of substances min- 
gled, agitated, and shocked against each other ; and in 
this disorder he supposes the earth to have been just 
at the commencement of the Mosaical creation. When 
4he orbit of the comet was changed, and more regular- 
ly wheeled round the sun, every thing took its proper 
place, every part of the surrounding fluid then fell into 
a certain situation, according as it was light or heavy. 
The middle or central part which riways remained un- 
changed, still continued so; retamingapartof that heat 
which it received in its primeval approaches towards the 
sun ; which heat he calculates may continue about six 
thousand years. Next.to this, fell the heavier parts of 
the chaotic atmosphere, which served to sustain the 
lighter : but as in descending, they coofd not entirely 
be separated from many watery parts, with which 



* See ]>r. KeiU's exani^natioo and remarks on this theory. 
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tfaejr were intittiateljr miiedi tbejr drew down these 
also along with them ; and these could not ascend 
again after the surface of the earth was consolidated^ 
Thus, the entire bodjr of the earth was composed, next 
the centre, of a great burning globe of more than 2000 
le^igties in diameter : next to this, is placed a heavy 
earthy) substance which encompasses it ; round which 
b circuffifused a body of water ; and upon tlUs body 
of water is placed the crust which we inhabit. The 
body of the earth being thus formed, the air, which is 
the lightest substtoce of all, surrounded its surface, 
and the beams of the sun darting throi^h, produced the 
light, which, we are told by Moses, first obeyed the Di- 
vine command. 

The whole economy of the creation being thus ad- 
justed, it only remains to account for the risings and de- 
pressions on its surface, with other seeming irregulari- 
ties of its appearance. The hills and valleys are by 
htm' supposed to t^e formed by their pressing upon the 
internal fluid, which sustains the external shell of earth. 
With greater or less weight t those parts of the earth 
which are heaviest, sink the lowest into the fluid, and 
thus become valleys; those that are lightest rise higher 
tipon the earth's surface, and sre called mountains. 
Such was the face of nature before the deluge ; the 
earth was then more fertile and populous than at pres- 
ent : the lives of men and animals were extended to 
ten times their present duration, and all these advanta- 
. ges arose from the superior heat of the central globe, 
which has ever since been cooling. 

To account for the deluge, he says, that a comet de- 
scending in the plane of the ecliptic towards its perihe- 
lion, on the first day of the deluge, passed just before 
the body of the earth. This comet, when it came be- 
low the moon, would raise a vast and strong tide, both in 
the seas that were on the surface, and in the abyss which 
was under the upper crust of the earth, in the same 
manner as the moon at present raises the tides in the 
ocean. That these tides would begin to rise and in- 
crease during the approach of the comet, and would be 
at their greatest height when the comet was at its least 
distance from the earth* By these tides, caused by the 
attraction of the comet, he supposes that the abyss 
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woold aMume an elliptical figare, the aurface of wliicb, 
being much larger than the former spherical one, the 
exterior craat of earth must conform itself to the same 
figure. But as the external crnst was solid and com- 
I>act, it must of necessitj, bj the violent force of the 
tide, be stretched and broken.* This comet, by pass- 
ing close by the earth, involved it in its atmosphere and 
tail for a* considerable time, and left a prodigious quan* 
titj of vapours on the earth^s surface. These vapours 
being very much rarefied after their primary fall, would 
be immediately drawn up into the air again, and after- 
wards, descend in violent rains, and would be the cause 
of the forty days rain mentioned in the Scripture. 

The rest of the water was forced upon the surface of 
the earth by the vast and prodigious pressure of the in- 
cumbent water derived from the comet's atmosphere, 
which sunk the outward crust of the earth in the abyss. 
By these means, he supposes that there was water 
enough brought on the surface, to cover the whole face 
of the earth, to the perpendicular height of three miles« 
And, to remove this body of water, he supposes the 
wind dried up some, and forced the rest tnroagh the 
cracks and fissures of the earth into the abyss, whence 
great part of it had issued. 

4. BUFFON'S THEORY. 

M. De Buffon begins his theory by attempting to 
prove that this world, which we inhabit, is nothing more 
than the ruins of a world. ** The surface of this im- 
mense globe, (says he) exhibits to our observation, 
heights, depths, plains, seas, marshes, rivers, caverns, 
gttlphs, volcanoes ; and on a cursory view, we can dis- 
cover in the disposition of these objects, neither order 



* How was the ark presenred during this oommoiion P To pmerve 
the ark, wtthout the irDmediate protection of Providence, it would be. 
necessary, ^^at the flood of water should be perfectly cahn, and ft^e 
(rom stoms and tempests ; but, if the waters were smooth, and under- 
went no violent agitation, how oouhl shells and marine bodiet be 
thrown upon the land on the tops of mountains, or be buried many 
feet deep in the earth? The ekhn sea, necessary for preserving the 
ark, could move none of the sheHs ; and the rough sea, necesiary for 
Uansportiag th» shelts, would destroy the ark. 
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nor regularitj. If we penetrate into the bowels of the 
earth, we find metals, minerals, stone, bitumens, sands, 
earths, waters, and matter of every kind, placed, as it 
were, by mere accident, and without any apparent de- 
sign. Upon a nearer and more attentive inspection, we 
discover sunk mountains, caverns filled up, shattered 
rocks, whole countries swallowed up, new islands emerg* 
ed from the ocean, heavy substances placed above light 
ones, hard bodies enclosed within soft bodies : in a word, 
we find matter in every form, dry and humid, warm and 
cold, solid and brittle, blended in a chaos of confusion, 
which can be compared to nothing but a heap of rub- 
bish, or the ruins of a world.*' In examining the bottom 
of the sea, he observes, that we perceive it to be equal- 
ly irregular as the surface of the dry land. We dis- 
cover hills and valleys, plains and hollows, rocks and 
earths of every kind ; we discover, likewise, that islands 
are pothing but the summits of vast mountains, whose 
foundations are' buried in the ocean* We find other 
mountains whose tops are nearly on a level with the sur- 
face of the water ;. and rapid currents which run con- 
trary to the general movements ; these, like rivers, never 
exceed their natural limits* The bottom of the ocean 
and shelving sides of rocks produce plentiful crops of 
plants of many different species : its soil is composed of 
sand, gravel, rocks, and shells ; in some places it is fine 
clay, in others, a compact earth : and in general, the 
bottom of the sea has an exact resemblance to the dry 
land which we inhabit. In short, Buffon supposed 
th^ the dry land was formerly the bottom of the sea : 
he says, moreover, that it is impossible that the shells 
and marine substances which we find at an immense 
depth in the earth, and even in rocks and marble, should 
have been the effects of the deluge : for the waters 
could not overturn, and dissolve the whole surface of 
the earth, to the greatest depths. The earth must, 
therefore, have been originally much softer than it now 
is, and that it is l|as acquired its present solidity by the 
continual action of gravity, and consequently, the earth 
is much less subject to change now than formerly. 

With regard to the original formation of the earth and 
all the planets in our system, he supposes that they were 
detached from the sun ail at once by a mighty stroke of 

15 
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a comet i^ not in the form of globes, but in the form of 
torrents ; the motion of the foremost particles being ac- 
celerated by those which immediately followed, and the 
attraction of the foremost particles would accelerate the 
motion of the hindmost ; and that the acceleration pro- 
duced by one or both of these causes might be such aa 
would necessarily change the original motion arising 
from the impulse of the comet ; and a motion might re- 
suit similar to that which takes place in the planets. 
The revolution of the primary planets on their axes, he 
accounts for from the obliquity of the original stroke, 
impressed by the comet f — *^It is therefore eridenf, 
says he, that the earth assumed its figure when in a 
melted state ; and to pursue our theoiy, it is natural to 
think that the earth, when it issued from the sun, had 
BO other form but that of a torrent of melted and inflamed 
matter; that this torrent, by the mutual attraction of its 
parts, took on a globular figure, which its diurnal motion 
changed into a spheroid : that when the earth cooled, 
the vapours whicl^ were expanded like the tail of a 
comet, gradually condensed, and fell down in the form 
of water upon the surface, depositing at the same time a 
flimy substance mixed with sulphur and salts; part of 
which was carried by the motion of the waters into the 
perpendicular fissures of the strata, and produced me- 
tals ; and the rest remained on the surface, and gave rise 
to the vegetable mould which abounds in different pla- 
ces, the oi^anization of which is not obvious to our sen*? 
fies. 

Thus the interior parts of the globe were originally 
composed of vitrified matter. Above this yitrified mati 
ter were placed those bodies which the fire had re- 
duced to the smallest particles/as sands, which are only 
Krtions of glass; and above these pumice-stones and 
5 scoris of melted matter, which produced the differ- 
ent clays. The whole was covereo with water to the 
depth of 500 or 600 feet which originated from the con- 
densation of vapours when the earth began to cool. This 



* Here Mr. Buffm lotep himielf ia eoqjastnre, leareely within the 
fBTfgb of pofribility, and very improbable. 

t This 18 a wild ih«>ry to ^SMSont for the dhoraal motion of tint 
IM^ and other idsa^^} 
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vater deposited a stratum of mud, mixed with all those 
matters which are capable of being sublimed or exhaled 
hy fire ; and the air was formed of the most subtile va« 
poura, which> from their levity, rose above the water. 

Such was the condition of the earth when the tidesi 
the winds, and the heat of the sun began to introduce 
ehanges on its surface. The diurnal motion of the earth, 
and that of. the tides, elevated the waters in t he equato- 
rial regions, and necessarily transported thither great 
Quantities of slime, clay, and sand ; and by thus elevating 
tliose parts of the earth, they perhaps sunk those under 
the poles about two leagues, or a 230th part of the whole; 
for the waters would easily reduce into powder, pumice* 
Btdnes, and other spongy parts of the vitrified matter 
upon the surface, and by this means excavate some pla* 
ces and elevate others, which, in time, would produce isl- 
ands and continents, and all those inequalities on the sur*" 
face, which are more considerable towards the equator 
than towards the poles*" 

5. Db. HUTTON^S TlAoRT. 

In the first volume of the Edinburgh Philosophical 
Transactions, Dr. Button has laid down anew theory of 
the earth, perhaps the most elaborate arid comprehen- 
sive that has hitherto appeared ; to give a general ab- 
stract of it would much exceed the bounds allotted to 
this chapter* Wherefore^ all that can be done here is, ta 
point out some of the most strilcing passages. 

He says, the general view of the terrestrial system 
conveys to our mind a fabric erected in wisdom, and 
that it was originally formed by design as an habitation 
for living creatures. In taking a comprehensive view of 
the mechaniso) of the globe, we observe three principal 
parts of which it is composed, and which, by being pro- 
perly adapted to one another, form it into an habitable 
world ; these are the solid body of the earth, the waters 
of the ocean, and the atmosphere surrounding the whole. 
On these Dr. Button observes n 

1. The parts of the terrestrial globe more immediate- 
ly exposed to our view, are supported by a central body, 
commonly supposed, but without any good reason^ to be 
solid and inert. 
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2. The aqueous part, recjaced to a spherical form b j 
gravitation, has become oblate by the earth's centrifugal 
force. Its use is to receive the rivers, be a fountain of 
vapours, and to afford life to innumerable animals,, a a 
well as to be the source of growth and circulation to the 
organized bodies of the earth. 

. 3. The irregular body of land raised above the level 
of the sea, is by far the most interesting, as^i^imediately 
necessary to the support of animal life. 

4. The atmosphere surrounding the wholeis evident* 
ly necessary for innumerable purposes of life and vege* 
tation, neither of which could subsist a moment without 
it. 

Having thus considered the mechanism of the globe^ 
he proceeds to investigate the powers by which it is up« 
held : these are the gravitating and projectile forces by 
which the planets are guided; the influence of light and 
heat, cold and condensation : to which may be added 
electricity and magnetism. 

With regard to tiie beginning of the world, though 
Dr. Hutton does norpretend to lay aside the Mosaic ac- 
counts respecting the origin of man, yet he endeavours 
to prove, that the marine^ animals are of much higher 
antiquity than the human race. 

The solid parts of the globe are, in general, composed 
of sand, gravel, argillaceous and calcareous strata, or of 
these mixed with some other substances. 

Sand is separated and sized by streams and currents; 
gravel is formed by the mutual attrition of stones [Imita- 
ted in water ; and marly or argillaceous strata have been 
collected by subsiding in water in which those earthy 
substances had* floated. Thus, «o far as the earth is 
formed of these materials, it would appear to have bteti 
the production of water, wind, and tides. « 

The doctor's next inquiry, is into the origin of our 
land, which he seems willing to derive entirely from the 
exuviae of marine animals.f After adducing some argu- 



* According to the Mosaic account of the creation, the marine msi- 
aials were created the 6fth day, and man the sixth. 

t To give this any appearance of probability, the marine animals 
must have been created many centuries before either the dry lemd or 
the land animals were creatted ; yet, according to the Mosaic accoant of 
the creation, the dry land appeared on the third day ! 
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ments in support of this opinion, the principal of which 
is drawn from the quantity of marine productions found 
indifferent parts of the earth, he says, ^^The general 
amount of our reasoning is this ; that nine-tenths per- 
haps, or 99 hundredths of this earth, so far as we see, 
have been formed by natural operations of the globe, in 
collecting loose materials, and depositing them at the 
bottom of ^he sea, consolidating those collections in va- 
rious degrees, and either elevating these consolidated 
masses above the level on which they were formed, or 
lowering the level of that sea.'' 

With respect to the different strata, he thinks it most 
probable that they have been consolidated by heat and 
fusion ; and. this hypothesis he imagines, will solve every 
difficulty respecting them ; and, as the question is of the 
greatest importance in natural history, he dis(^sses it to 
a considerable length* He considers metals of every 
species as the vapour of the mineral regions, condensed 
occasionally in the crevices of the land. 

His next consideration is the means by which the dif- 
ferent strata have been elevated from the bottom of the 
ocean ; (for he looks upon it as an indubitable fact that 
the highest points of our land have been for ages at the 
bottom of the ocean ;) and concludes, Ibat the land on 
which we dwell has been elevated from a lower situation 
by the same agent which has been employed in consoli- 
dating the strata, in giving them stability, and preparing 
them for the purpose of the living world. This agent is 
matter, actuated by extreme heat, and expanded with 
amazing force. 

The doctor imagines the world to be eternal, and en- 
dued with renovating power ; for he says, " When the 
former land of this globe had been complete, so as to 
begin to wasteland be impaired by the encroachment of 
the sea, the present land began to appear above the sur- 
face of the ocean. In this manner, we suppose a due pro- 
portion of land and water to be always preserved upon the 
surface of the globe, for the purpose of a habitable world,"' 
such as we possess." After endeavouring to prove a 
miccession of worlds in the system of nature, he con- 
cluded his dissertation in these words; " The result, 
therefore, of our present inquiry is, that we find no ves- 
tige of a beginning, no prospect of an end." 
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6. Mb. WHrrBSURSTS THEORY. 

Mr* Whitehunit first proceeds to show, that all fluid 
bodies, which do not revolve about their axis, assume 
■pherical forms, from the mutual attraction of their com* 
ponent parts ; and thence infers, that all bodies, naturally 
•pherical, have been originally in a state offlnidity. 
Again, as it is a known principle in the laws of motion, 
thiU, if any fluid body turn on its axis, it will, by the 
centrifugal force, depart from a spherical form, and as- 
sume ih^t of an oblate spheroid ; and, as the earth is 
known to be such a figure, agreeing with the laws. of 
gravity, fluidity, and centrifugal force, he supposes that 
the earth was originally a fluid, composed of chaotic, 
lieterogeneous matter, which acquirea its present form 
by revolving on its asis in that state of fluidity ; and that 
its diurnal and annual rotations have suffered no diatige, 
but have performed equal rotations in equal times, from 
the moment of its first existence to the present era. 

This heterogeneous mass, being totally unfit for ani- 
mal or vegetable life, was not instantaneously but pro- 
gressively formed into an habitable world. As. soon as 
the component parts of the chaos became quiescent, 
similar particles began to unite and compose bodiesof 
various denominations, viz. the particles of air united 
with those of air, those of water with water, and those 
of earth with earth. Bodies of the greatest density 
began their approach towards the centre of gravity, and 
those of the greatest levity ascended towards the sur- 
face. Thus, apparently, commenced the separation of 
the chaos into air, water, earth, and other select bodies. 
As the earth consolidated more and more towards its 
centre, its surface became gradualff covered with wa- 
ter, until the sea prevailed universally over the whole 
earth. At this time the marine animals were created, 
and multiplied so exceediogly, as to replenish the ocean 
from pole to pole. 

The sun and moon were coeval with the creation of 
the earth, and, as. the atmosphere was progressively 
fre^d from heterogeneous substances, light and heat 
gradually increased until the sun became visible in the 
firmament, and shone With its full lustre and brightness. 
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The attractive inflnence of the son and moon, inter^* 
fering with the regular and nniform anbaiding of the sol- 
ids of the earthy caused the sea to be unequally deep» 
anfl, consequently, the dry land to appear. Hence, the 
primitiTe islands were gradually formed by the flux and 
reflux of the tides, and in process of time, became firm 
and dry, fit for the reception of the vegetable and ani- 
mal kingdoms. The ocean being plentifully stocked 
with inhabitants, previous to the appearance of dry land, 
many of these animals became daily enveloped and 
buried in the mud, in all parts of the sea from pole to 
pole, by the daily action of the tides. 

As the central parts of the earth began to consolidate 
before the superficial parts thereof, the fwmer became 
ignited before the latter. As the subterraneous fire 
gradually increased, its expansive force likewise increas- 
ed till it became superior to the incumbent weight, and 
distended the strata like a bladder forcibly blown ; and 
as 'the subterraneous fire operated universally in the 
,8ame stratum, and with the same degree of force, it ap- 
pears most probable that the deluge, or Noah's flood, 
prevailed universally over the whole earth. 

The expansive force of subterraneous fire still increas* 
ing, it became superior to the incumbent weight and co- 
hesion, of the strata, which were then burst, and opened 
a communication between the two oceans of melted mat* 
ter and water ; by these two different elements coming 
in contact, the latter became instantly converted into 
steam, and produced an explosion infinitely beyond all 
human conception. The terraqueous globe being thus 
burst into millions of fragments,* the strata were broken, 
and thrown into every possible degree of confusion and 
disorder ; hence, those mighty eminences, the Alps, the 
Andes, the Pyrenean, and all other chains of mountainSi^ 
were brought from beneath the deep ; for the earth, in 
its primitive state, was perfectly level. 

Hence, the sea retired from those vast tracts of land, 
the continents, into the caverns, became fathomless, and 



* We are in the Mine diliemma hero with respect to the pretervatioq; 
of Noah and the A.rlc, as in Burnet's and Whiston's theories ; besides, 
the noise of such a^ explosion as above described, wouI4 forever de^ 
l»rive any hipaa bevig of the noble faculty of hearing. 
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eoYirbned with craggy rocks, cliffs, and impending 
shores, and its bottom spread ever with mountains and 
valleys, lilce the land. 

As mountains and continents were not primary pro* 
dttctioos of nature, but produced at the time of the del- 
uge, the inclemencies of the seasons were totally un« 
known in the antediluvian state of nature : an uniform 
temperature universally prevailed in the atmosphere ; it 
was not subject to storms and tempests, and consequent- 
ly, not to rain ; and as there was no rain, molt certun- 
ly there was no rainbow. 

On account of the small elevations of the primitive 
islands, and the inferiority of their superficies to that of 
continents, the surface of the sea, and the quantity of 
aqueous particles exhaled, were proportiotiably greater. 
The atmosphere was thus plentifully saturated with hu- 
midity, which descended copiously in dews, during the 
absence of the sun, and abundantly replenished the 
earth. 



CHAP. IX. 

OJXht Atmospkerey Air^ Winds, and Hurricanes. 

THE earth is surrounded by a thin fluid mass of mat- 
tejr> called the atmosphere : this matter gravitates to- 
wards the earth, revolves with it in its diurnal motion, 
and goes round the sun with it every year. Were it 
not for the atmosphere, which afaSDunds with particles ca- 
pable of reflecting light in all directions, only that part 
of the heavens would appear bright in which the sun 
was placed,^ and the stars and planets would be visible 
at mid-day rf but, by means of an atmosphere, we enjoy 
the sun's light (reflected from the aerial particles con- 



• Dr. Kein, Lect xx. 

t HI. de Sauflflure, when on the top of Mont Blanc, which is eleva- 
ted 5101 yard« above the level of the sea, and where, consequently, the 
atmosphere must be more rare than ours, says, that the moon shone 
with the brightest splendour in the midst of a sky aa^lack as ebony ; 
while Jupiter, rayed like the sun, rose from behind thA^ountains in the 
east, Append, vol. T4, Monthly Review. 
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Htliied in the atmosphere) for sometime before he riseSf 
and after he sets ; for, on the 21st of June at LondoOi 
the apparent daj is 9m. 1.6sec. longer than the astro- 
nc^mical day."^ This invisible fluid extends to an un- 
known height ; but if, as astronomers generally estimatep 
the sun begins to enlighten the atmosphere in the morn- 
ing when he comes within 18 degrees of the heriaon of 
any place, and Ceases to enlighten it when he is agaia' 
depressed more than 18 degrees below the horizon in 
the evening, the height of the atmospheric may easily be 
calculated to be nearly 50 miles.f Notwithstanding 
this great height of the atmosphere, it is seldom sufficient- 
ly dense at two miles high to bear up the clouds ; it be« 
comes more thin and rare the higher we ascend. This 
fluid body is extremely light, being at a mean density, 
816 times lighter than water ;| it is likewise very elas- 
tic, as the least motion excited in it is propagated to a 
great distance : it is invisible,* for we are only sensible 
of its existence from the effects it produces. It is capa- 
ble of being compressed into a much less space than 
what it naturally possesses, thoughit cannot be congeal- 
ed or fixed as other fluids may ; for no degree of cold 
haa ever been able to destroy its fluidity* It is of differ*" 
ent density in every part upwards from the earth's sur- 
face decreasing in its weight the higher it rises ; and 
consequently, must also decrease in density. The 
weight or pressure of the atmosphere upon any-portion 
of the earth's surface is equal to the weight of a column 

• See KeiihU TrigODometry , seooD^ edition, page f66. 
t Iiet ArB (Plate HI. Figure ^.) jrepresent the horison of an ob- 
•erver at A; Sr a ray of light falling upon the atmbfphere ai r, aatf 
making an angle SrB of 18 degrees with the horison (the flun4>eing np- 
posed to have that depression) the angle SrA wiU then be 162 decrees. 
From the centre O of the earth draw Or, and it will be perj^endicular 
to the reflecting particles at r ; and, by the principles oroptica, it will 
liicewise bisect the angle SrA. In the right angled triangle OAr, thef 
angle Or A^sSlo, AO»998ft miles, the radios of the earth. Ben0B, by 
trigonometry, 

SineofO/A^Sl* - ^ 9^46199 

l8toAO,d98S - . - 3.6001019 

As radius, sine of 90O ' - lOOOOOOOO 

IstoOriOSl.TS ^ - - 3.6054814 

Now, iffromOn»4081.6, there be taken OyaaOAsS982, fhtf ft' 

mdnder yfba=s49.6 miles is the height of the atmosphere. 

} Dr. Thomson's Chemistry, voL W. page T, edition of 1810* 
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of mercury which will cover the sar 
whose height is from 28 to 31 inches : 
experiment on the barometer, which p 
limits above-mentioned. Now, if? 
ameter of the earth at 7964*^ mile? 
the barometer at 29^ inches, and a 
xj to weigh 13500 ounces avoirdu 
of the atmosphere will be 1152f 
avoirdupois, and its pressure uf 
earth's surface 14f lbs. 

The atmosphere is the comm 
effluvia or vapours arising from i 
the steam or smoke of things me 
fogs or vapours proceeding from o 
of steams arising from the perspirai 
joys animal or vegetable life, and oi 
when deprived of it ; also, of the e 
from sulphureous, nitrous, acid, and al 
which ascend to greater or less height j- 

their specific gravity. Hence, the dii ^r- 

mining the true composition of the atmos^ em- 

ical writers,! however, have endeavoured , that 

itconsistschiefly of three distinct elastic h united 

together by chemical affinity ; namely air, ^pour or 
water, and carbonic acid gas, j; differing in their proper- 



* The diameter of the earth in inches will be 504599040 ; and the 
diameter with the atmosphere 504599099 inches, the difference be- 
tween the cubes of these diameters multiplied by .5286, eives 
285974891401^^1287^564 cabic inches in the atmosphere. Now, 
if 1728 cubic inches weigh 1S500 ounces, as stated by Br. Thomson, 
page 6, vol. i\r. of his chemistry, the weight of (he atmosphere will be 
determined as above. If the square of the diameter 504599040 be mal* 
tiplied by 3.1416, the product will give the superficies of the eitrtb, 
=b799914792576284098^6 square inches ; and if the weight of the at* 
mosphere be divided by this superficies, the quotient will be 14.i }b9» 
aBBl4|lb8. the pressure of the atmosphere on every square inch of the 
earth's surface- The pressure of the atmosphere on a square inch of sur> 
face, may likewise be found by experiments made with the air-pump, or 
by weighing a column of mercury whose base 19 one inch square, and . 
height 29 j inches, 
t Dr. Thompson's Chemistry, page 34, vol. iv. edition of i8tO, 
I Goxisaterm applied by Chemists to all permanently elastie 
fluids, except common air ; and carbonic acid gas is what was former.- 
ty called fixed air, or such as extinguisheB flame, and destroys antmal 
life. 
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tions at different times and in different places ; but the 
average proportion of eacbi supposing the whole atmos- 
phere to be divided into 100 equal parts, is given bj 
Dr. Thompson as follows : 
98 A air, 
1 vapour, or water, 
tV carbonic acid, 

100 

if 

Hence, it appears, that the foreign bodiei which are 
mixed or united with the air rn the atmosphere, are so 
minute in quantity, when compared with it, that thej 
have no very sensible influence on its general properties ; 
wherefore, in describing the mechanical properties of 
the air, in the succeeding parts of this chapter, no atten- 
tion is paid to its component parts in a chemical point 
of view ; but wherever the word air occurs, common or 
atmospheric air is always meant. It may, however, be 
proper to remark here, that from various experiments,* 
chemists have inferred, that if atmospheric air be divi- 
ded into 100 parts, 21 of those parts will be vital air, and 
79 poisonous ; hence, the vital air does not compose one 
third of the atmosphere. 

Air is not only the support of animal and vegetable 
life, but is the vehiele of sound ; and this arises from 
its elasticity ; for a body being struck, vibrates, and 
communicates a tremulous motion to the air ; this mo- 
tion acts upon the cartilaginous portion of the ear, where 
there are several well contrived eminences and concavi- 
ties to convey it into the auditory passage, where it 
strikes on the membrana tympani, or drum of the ear, 
and produces the sense of hearing. 



* Dr. Thompflon, vol.iv. page SO, of his Chemistrv, says, ** Whatevar 
method is employed to abstract oxygen ffx»m air, toe result is uoiform. 
They all indicate, that common air consists very nearly of 2i parte of 
oxygen and 79 of azote.'' 

SI oxygen gas (tiz. vital air.) 

79 azotic gas (via;, poisonous ^ir.) 
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of mercury which will cover the same sarface, and 
whose height is from 28 to 31 inches : this is proved by- 
experiment on the barometer^ which seldom exceeds the 
limits above-mentioned. Now, if we estimate the di- 
ameter of the earth at 7964*^ miles^ the mean height of 
the barometer at 29| inches, and a cubic foot of mercu- 
ry to weigh 13500 ounces avoirdupois, the whole weight 
of the atmosphere will be 11522211494201773089 lbs. 
avoirdupois, and its pressure upon a square inch of the^ 
earth's surface 14f lbs. 

The atmosphere is the common receptacle of all the 
effluvia or vapours arising from different bodies, viz. of 
the steam or smoke of things melted or burnt; of the 
fogs or vapours proceeding from damp, watery places ; 
of steams arising from the perspiration of whatever en- 
joys animal or vegetable life, and of their putrescence 
when deprived of it ; also, of the effluvia proceeding 
from sulphureous, nitrous, acid, and alkaline bodies, &c. 
which ascend to greater or less heights according ta 
their specific gravity. Hence, the difficulty of deter- 
mining the true composition of the atmosphere. Chem- 
ical writers,! however, have endeavoured to show, that 
itconsistschiefly of three distinct elastic fluids, united 
together by chemical affinity ; namely air, vapour or 
water, and carbonic acid gas, j; differing in their propor- 



* The diameter of the earth in inches will be 504599040 ; and the 
diameter with the atmosphere 504599099 inches, the difierence be- 
tween the cubes of these diameters multiplied by .5286, eives 
SS597i891401^'>^t287.d564 cabic inches in the atmosphere. Now, 
if 1728 cubic inches weigh 15500 ounces, as stated by jOr. Thomson, 
page 6, vol. iv. of his chemistry, the weight of the atmosphere wiU be 
determined as above. If the square of the diameter 504599040 be mul- 
tiplied by 5.1416, the product will give the superficies of the eArtb, 
=Br99914792576284098.56 square inches ; and if the weight of the at* 
mosphere be divided by this superficies, the quotient will be 14.4 }b9» 
aKl4| lbs. the pressure of the atmosphere on every square inch of the 
earth's surface. The pressure of the atmosphere on a square inch of sur- 
face, may likewise be found by experiments made with the air-pump, or 
by weighing a column of mercury whose haae i^ one inch square, and 
height 29 j inches, 
t Dr. Thompson's Chemistry, page 54, vol. iv. edition of i8t0, 
I Crfffisaterm applied by Chemists to all, permanently elastie 
fluids, except common air ; and carbonic acid gas is what was former.- 
Ij called fixed air, or each as extinguisheB flaEae, and destroys animal 
life. 
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tions at different times and in different places ; but the 
average proportion of each^ supposing the whole atmos- 
phere to be divided into 100 equal parts, is given hj 
Dr. Thompson as follows : 
98 A air, 
1 vapour, or water, 
tV carbonic acid, 

100 

/ 

Hence, it appears, that the foreign bodies which are 
mixed or united with the air rn the atmosphere, are so 
minute in quantity, when compared with it, that thej 
have no very sensible influence on its general properties ; 
wherefore, in describing the mechanical properties of 
the air, in the succeeding parts of this chapter, no atten- 
tion is paid to its component parts in a chemical point 
of view ; but wherever the word air occurs, common or 
atmospheric air is always meant. It may, however, be 
proper to remark here, that from various experiments,* 
chemists have inferred, that if atmospheric air be divi- 
ded into 100 parts, 21 of those parts will be vital air, and 
79 poisonous ; hence, the vital air does not compose one 
third of the atniosphere. 

Air is not only the support of animal and vegetable 
life, but is the vehide of sound ; and this arises from 
its elasticity ; for a body being struck, vibrates, and 
communicates a tremulous motion to the air ; this mo- 
tion acts upon the cartilaginous portion of the ear, where 
there are several well contrived eminences and concavi- 
ties to convey it into the auditory passage, where it 
strikes on the membrana tympani, or drum of the ear, 
and produces the sense of hearing. 



* Br. Thompton, vol.iv. frnge SO, of his Chemistrv, says, ** Whatever 
method is employed to abstract oxygen ffx»m air, toe result is uoiform. 
They all indicate, that common air consists very nearly of 2t partsof 
oxygen and 79 of azote.'' 

SI oxygen gas (viz. vital air.) 

79 azotic gas (via;, poisonous ^ir.) 
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of mercury which will cover the same sarface, and 
whose height is from 28 to 31 inches : this is proved by- 
experiment on the barometer^ which seldom exceeds the 
limits above-mentioned. Now, if we estimate the di- 
ameter of the earth at 7964*^ miles, the mean height of 
the barometer at 29| inches, and a cubic foot of mercu- 
ry to weigh 13500 ounces avoirdupois, the whole weight 
of the atmosphere will be 11522211494201773089 lbs. 
avoirdupois, and its pressure upon a square inch of the 
earth's surface 14f lbs. 

The atmosphere is the common receptacle of all the 
effluvia or vapours arising from different bodies, viz. of 
the steam or smoke of things melted or burnt ; of the 
fogs or vapours proceeding from damp, watery places ;^ 
of steams arising from the perspiration of whatever en- 
joys animal or vegetable life, and of their putrescence 
when deprived of it ; also, of the effluvia proceeding 
from sulphureous, nitrous, acid, and alkaline bodies, &c. 
which ascend to greater or less heights according ta 
their specific gravity. Hence, the difficulty of deter- 
mining the true composition of the atmosphere. Chem- 
ical writers,! however, have endeavoured to show, that 
it consists chiefly of three distinct elastic fluids, united 
together by chemical affinity ; namely air, vapour or 
water, and carbonic acid gas, j; differing in their propor- 



* The diameter of the earth in inches will be 504599040 ; and the 
diameter with the atmosphere 504599099 inches, the difference be* 
tween the cubes of these diameters multiplied by .5£d6, gives 
255974891401^5^1287^564 cabic inches in the atmosphere. Now, 
if 1728 cubic inches weigh 1S500 ounces, as stated by Br. Thomson, 
page 6, vol. iv. of his chemistry, the weight of (he atmosphere will be 
determined as above. If the square of the diameter 504599040 be mul- 
tiplied by 5.1416, the product will give the superficies of the eArtb, 
ss799914792576284098^6 square inches ; and if the weight of the at* 
mosphere be divided by this superficies, the quotient will be 14.i }b9» 
aBl4| lbs. the pressure of the atmosphere on every square inch of the 
earth's surface. The pressure of the atmosphere on a square inch of sur- 
face, may likewise be found by experiments made with the air-pump, or 
by weighing a column of mercury whose base if one inch square, and . 
height 29 j inches, 
t Dr. Thompson's Chemistry, page 54, vol. iv. edition of i8tO, 
I Gas is a term applied by Chemi^s to all permanently elastie 
fluids, except common air ; and carbonic acid gas is what was former.- 
ty called fixed air, or such as extinguifihes flame, and destroys antmal 
me. 
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tions at different times and in different places ; but the 
average proportion of each, supposing the whole atmos- 
phere to be divided into 100 equal parts, is given by 
Dr. Thompson as follows : 
98 A air, 
1 vapour, or water, 
tV carbonic acid, 

100 

J 

Hence, it appears, that the foreign bodies which are 
mixed or united with the air in the atmosphere, are so 
minute in quantity, when compared with it, that thej 
have no very sensible influence on its general properties ; 
wherefore, in describing the mechanical properties of 
the air, in the succeeding parts of this chapter, no atten- 
tion is paid to its component parts in a chemical point 
of view ; but wherever the word air occurs, common or 
atmospheric air is always meant. It may, however, be 
proper to remark here, that from various experiments,* 
chemists have inferred, that if atmospheric air be divi- 
ded into 100 parts, 21 of those parts will be vital air, and 
79 poisonous ; hence, the vital air does not compose one 
third of the atniosphere. 

Air is not only the support of animal and vegetable 
life, but is the vehiele of sound ; and this arises from 
its elasticity ; for a body being struck, vibrates, and 
communicates a tremulous motion to the air; this mo- 
tion acta upon the cartilaginous portion of the ear, where 
there are several well contrived eminences and concavi- 
ties to convey it into the auditory passage, where it 
strikes on the membrana tympani, or drum of the ear, 
and produces the sense of hearing. 



* I>r. Thompton, vol.iv. frnge SO, of Ms Chemistrv, says, ** Whatever 
method is employed to abstract oxygen ffx»m air, the result isuoiform. 
They all indicate, that common air consists very nearly of 21 parto.of 
oxygen and 79 of azote.'' 

9X oxygen gas (viz. vital air.) 

T9 azotic gas (vias. poisonous »ir.) 
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o( mercury which will cover the same sorface, and 
whose height is from 28 to 31 inches : this is proved by 
experiment on the barometer, which seldom exceeds the 
limits above-mentioned. Now, if we estimate the di- 
ameter of the earth at 7964*^ miles, the mean height of 
the barometer at29| inches, and a cubic foot of mercu- 
ry to weigh 13500 ounces avoirdupois, the whole weight 
of the atmosphere will be 11522211494201773089 lbs. 
avoirdupois, and its pressure upon a square inch of the^ 
earth's surface 14f lbs. 

The atmosphere is the common receptacle of all the 
effluvia or vapours arising from different bodies, viz. of 
the steam or smoke of things melted or burnt ; of the 
fogs or vapours proceeding from damp, watery places ; 
of steams arising from the perspiration of whatever en- 
joys animal or vegetable life, and of their putrescence 
when deprived of it ; also, of the effluvia proceeding 
from sulphureous, nitrous, acid, and alkaline bodies, &c. 
which ascend to greater or less heights according to 
their specific gravity. Hence, the difficulty of deter- 
mining the true composition of the atmosphere. Chem- 
ical writers,! however, have endeavoured to show, that 
it consists chiefly of three distinct elastic fluids, united 
together by chemical affinity ; namely air, vapour or 
water, and carbonic acid gas, j; differing in their propor- 



* The diameter of the earth in inches will be 504599040 ; and the 
diameter with the atmosphere 504599099 inches, the difference be* 
tween the cubes of these diameters multiplied by .5£d6, eives 
255974891401^'>^tS87^564 cabic inches in the atmosphere. Now, 
if 1728 cubic inches weigh 15500 ounces, as stated by I>r. Thomson, 
page 6, vol. iv. of his chemistry, the weight of the atmosphere will be 
determined as above. If the square of the diameter 504599040 be mul- 
tiplied by S.1416, the product will give the superficies of the eArtb, 
=s799914792576284098^6 square inches ; and if the weight of the at* 
mosphere be divided by this superficies, the quotient will be 14.i lbs* 
aBl4f lbs. the pressure of the atmosphere on every square inch of the 
earth's surface. The pressure of the atmosphere on a square inch of sur- 
face, may likewise be found by experiments made with the air-pump, or 
by weighing a column of mercury whose base i^ one inch square, and . 
height 99i inches. 

t Dr. Thompson's Chemistry, page 54, vol. iv. edition of i8tO. 

I Gas is a term applied by Chemists to all permanently elastie 
fluids, except common air ; and carbonic acid gas is what was former- 
Ij called fixed air, or such as ei^tinguishsB fiame, and destroys antmal 
life. 
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tions at different times and in different places ; but the 
average proportion of each^ supposing the whole atmoi- 
phere to be divided into 100 equal parts^ is given bj 
Dr. Thompson as follows : 
98 A air, 
1 vapour, or water, 
tV carbonic acid, 

100 

4 

Hence, it appears, that the foreign bodiei which are 
mixed or united with the air rn the atmosphere, are so 
minute in quantity, when compared with it, that thej 
have no very sensible influence on its general properties ; 
wherefore, in describing the mechanical properties of 
the air, in the succeeding parts of this chapter, no atten- 
tion is paid to its component parts in a chemical point 
of view ; but wherever the word air occurs, common or 
atmospheric air is always meant. It may, however, be 
proper to remark here, that from various experiments,* 
chemists have inferred, that if atmospheric air be divi- 
ded into 100 parts, 21 of those parts will be vital air, and 
79 poisonous ; hence, the vital air does not compose one 
third of the atniosphere. 

Air is not only the support of animal and vegetable 
life, but is the vehicle of sound ; and this arises from 
its elasticity ; for a body being struck, vibrates, and 
communicates a tremulous motion to the air ; this mo- 
tion acts upon the cartilaginous portion of the ear, where 
there are several well contrived eminences and concavi- 
ties to convey it into the auditory passage, where it 
strikes on the membrana tympani, or drum of the ear, 
and produces the sense of hearing. 



* Dr. Thompton, vol.iv. page SO, of his Chemistrv, says, ** Whatever 
method is employed to abstract oxygen from air, toe result isuoiform. 
They all indicate, that common air consists very nearly of %\. parte of 
oxygen and 79 of azote.'' 

SI oxygen gas (tiz. vital air.) 
79 azotic g9S (via;, poisonous ^ir.) 
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of mercury which will cover the sair 
whose height is from 28 to 31 inches : t 
experiment on the barometer, which ar 
limits above-mentioned. Now, if w 
ameter of the earth at 7964*^ miles, 
the barometer at 29| inches, and a 
Tj to weigh 13500 ounces avoirduf 
of the atmosphere will be 11522^ 
avoirdupois, and its pressure upo 
earth's surface 14f lbs. 

The atmosphere is the commor 
effluvia or vapours arising from dii 
the steam or smoke of things melt 
fogs or vapours proceeding from dai 
of steams arising from the perspiratii 
joys animal or vegetable life, and of 
when deprived of it ; also, of the ei 
from sulphureous, nitrous, acid, and alk 
which ascend to greater or less heighti ^o 

their specific gravity. Hence, the dift cer- 

mining the true composition of the atmosp nem* 

ical writers,! however, have endeavoured jf^ that 

itconsistfichiefly of three distinct elastic fi , united 
together by chemical affinity; namely air, yapour or 
water, and carbonic acid gas, j; differing in their propor- 



* The diameter of the earth in inches will be 504599040 ; and the 
diameter with the atmosphere 504599099 inches, the difference be- 
tween the cubes of these diameters multiplied by .5£d6, gives 
SS5974891401^'>^t287il5e4 cabic inches in the atmosphere. Now, 
if 1728 cubic inches weigh 1S500 ounces, as stated by jOr. Thomson, 
page 6, vol. iv. of his chemistry, the weight of (he atmosphere will be 
determined as above. If the square of the diameter 504599040 be mul- 
tiplied by 5.1416, the product will give the superficies of the earth, 
=b799914792576284098.56 square inches ; and if the weight of the at* 
mosphere be divided by this superficies, the quotient will be 14.4 lb«« 
aBl4} lbs. the pressure of the atmosphere on every square inch of the 
earth's surface. The presnire of the atmosphere on a square inch of sur- 
face, may likewise be found by experiments made with the air-pump, or 
by weighing a column of mercury whose base i^ one inch square, and 
height 29 j inches, 
t Dr. Thompson's Chemistry, page 54, vol. iv. edition of 1810, 
I Goxisaterm applied by Chemists to all permanently elattie 
fluids, except common air ; and carbonic acid gas is what was former- 
ly called fixed air, or such as exthiguisheB flame, and destroys animal 
life. 
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lions at different times and in different places ; but the 
average proportion of each^ supposing the whole atmos- 
phere to be divided into 100 equal parts, is given hj 
Dr. Thompson as follows : 
98 A air, 
1 vapour, or water, 
tV carbonic acid, 

100 

/ 

Hence, it appears, that the foreign bodiei vrhichare 
mixed or united with the air in the atmosphere, are so 
minute in quantity, when compared with it, that they 
have no very sensible influence on its general properties ; 
wherefore, in describing the mechanical properties of 
the air, in the succeeding parts of this chapter, no atten- 
tion is paid to its component parts in a chemical point 
of view ; but wherever the word air occurs, common or 
atmospheric air is always meant. It may, however, be 
proper to remark here, that from various experiments,* 
chemists have inferred, that if atmospheric air be divi- 
ded into 100 parts, 21 of those parts will be vital air, and 
79 poisonous ; hence, the vital air does not compose one 
third of the atmosphere. 

Air is not only the support of animal and vegetable 
life, but is the vehicle of sound ; and this arises from 
its elasticity ; for a body being struck, vibrates, and 
communicates a tremulous motion to the air ; this mo- 
tion acts upon the cartilaginous portion of the ear, where 
there are several well contrived eminences and concavi- 
ties to convey it into the auditory passage, where it 
strikes on the membrana tympani, or drum of the ear, 
and produces the sense of hearing. 



* Dr. Thompflon, vol.iv. page SO, of his Chemistrv, says, ** Whatevar 
method is employed to abstract oxygen from air, toe result is uniform. 
They all indicate, that common air consists very nearly of 21 partoof 
oxygen and 79 of asote." 

£1 oxygen gas (viz. vital air.) 

79 azotic gas (viz. poisonous ^ir.) 
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From the fluid state of the atmosphere, ita great sab- 
iHij aad elasticitj, it is susceptible of the smallest mo- 
lioD that can be excited io it ; hence, it is subject to the 
disturbing forces of the moon and the sun ; and tides 
will be generated in the atmosphere similar to the tides 
in the ocean. By the continual motion of the air, nox- 
ious vapours, which are destructive to health, are in 
gome measure dispersed ; so that the air, like the sea, is 
^ept from putrefaction hj winds and tides. 

Air may be vitiated, by remaining closely pent up in 
Uny place for a considerable length of time ; and, when 
it has lost its vivifying spirit, it is called damp or fixed 
air, not only because it is filled with humid or moist va- 
pours, but because it deadens gre, extinguishes flame, 
imd destroys life. 

if part oi the vivifying spirit of air, in any country, 
begin to putrefy, the inhabitants of that country, will be 
subject to an epidemical disease, which will continue 
until the putrefaction is over ; and as the putrefying 
spirit occasions this disease, so, if the diseased body 
contribute towards the putrefying of the air, then the dis- 
ease will not only be epidemical, but pestilential and con- 
fagious. 

The air will press upon the surfaces of all fluids, with 
^ny force, without passing thrbugh them or entering into 
them ; so that th^ softest bodies sustain this pressure 
without suffering any change in their figure, and the 
most brittle bodies bear it without being broken. Thus 
the weight of the atmosphere presses upon the surface 
of water, and fprces it up into the barrel of a pump. It 
likewise keeps mercury suspended at such a height* that 
its weight is equal to the pressure, and yet, it never 
forces itself through the mercury into thei vacuum a- 
bove. 

Another property of the air is, that it is expanded by 
heat, and condensed or contracted by cold : hence, the 
fire rarefying and attenuating the air in the chimnies, 
causes it to . ascend the funnels, while the air in the 
room, by the pressure of the atmosphere, Hs forced to 
supply the vacancy, and rushes into the chimney in a 
constant torrent, bearing the smoke into the higher re- 
gions of the atmosphere. In large cities, in the winter, 
when there are many fires, people and animals, the air is 
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considerably more rarefied than in the adjoining coun- 
try ; for which reason, continual currents of colder air 
rush in at all the exterior streets, bearing up the rarefied 
and contaminated air above the tops of the houses and 
the highest buildings, and supplying its place with air 
of a more salubrious quality. The more extensive winds 
(Owe their origin to the heat of the sun : this heat acting 
upon some part of the air causes it to expand, and be- 
come lighter, and, consequently, it must ascend ; while 
the air adjoining, which is more dense and heavy, will 
press forward towards the place where it is rarefied, 
tjpon this principle, we can easily account for the trade 
winds, which blow constantly from east to west~about 
the equator ; for when the sun shines perpendicularly on 
pmy part of the earth, it will heat and rarefy the air in 
that part, and cause it to ascend ; while the adjacent air 
will rush in to supply fits place, and consequently, will 
cause a stream or current of air to flow from all parts to- 
wards that which is the most heated by the sun. But 
as the sun, with respect to the earth, moves from east to 
west, the common course of the air will- be from east to 
west ; and, therefore, at or near the equator, where the 
mean heat of the earth is the greatest, the wind will blow 
continually from the east ; but on the north side of the 
equator it will decline a little to the north ; and, on the 
south'side of the equator it will decline to the south. If 
the earth were covered with 'water, the motion of the 
wind would follow the apparent motion of the sun, in the 
same manner as the motion of the water would follow the 
motion of the moon ; but, as the regular course of the 
tides is changed by the obstruction of continents, islands, 
&c. so the regular course of the winds is changed 
by high mountains, by the declination of the sun to- 
wards the north and south, by burning sands, which re- 
tain the solar heat to an incredible degree, by the falling 
of great quantities of rain, which causes a sudden con- 
densation or contfactiSn of the air, by exhalations that 
rise out of the earth at certain times and places, and 
from various other causes. Thus, according to Dr. Hal- 
ley, between the 3d and 10th degree of south latitude, 
the south-east trade-wind continues from April to Octo* 
ber ; during the rest of the year, the wind blows frpm 
the north-west ; but between Sumatra and New-HoUapd 
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diis monsoon^ blows from the south during our flumiuer 
Qonths ; it changes about the end of September, and 
continues 10 the opposite direction till April* 

Over the whole of the Indian Ocean, to the north- 
ward of the third degree of south latitude, the north- 
east trade*wind blows from October to April, and a 
■outb-west wind from April to October.f From Borneo, 
along the coast of Malacca, and as far as China, this 
monsoon, in our summer, blows nearly from the south, 
and in the winter from the north by east. Near the coast 
of Africa, between Mozambique and Cape Guardafui, the 
winds are irregular during the whole year, owing to the 
different monsoons which surround that particular place. 
Monsoons are likewise regular in the Red Sea ; between 
April and October they blow from the north-west, and 
during the other months from the south-east, keeping 
constantly parallel to the Arabian coast, j: 

On the coast of Brazil, between Cape St. Augustine 
and the island of St. Catherine, from September to 
April, the wind blows from the east or north-east ; and 
from April to September it blows from the south-west ; 
so that monsoons are not altogether confined to the In- 
dian Ocean. 

On the coast of Africa, from Cape Bajador, opposite 
to the Canary Islands, to Cape Verd, the winds are 
generally north-west ; and from hence to the island of St. 
Thomas, near the equator, they blow almost per- 
pendicular to the shore. 

In all maritime countries of any considerable extent, 
between the tropics, the wind blows during a certain 
number of hours from the sea, and during a certain num- 
ber from the land; these winds are called sea and 
land breezes. During the day, the air above the land is 
hotter and more rare than that above the sea ; the sea 



* The r^fsular windg in the Indian seas are called numiooni^ from the 
Malay wonl mooiiin, which signifies " a season.'' Forest's Voyage, 
page 59* 

t The student will find these winds represented on Adams' globes by 
arrows having the barbed points flying in the direction of the wind as 
if shot from a bow ; and, where the winds are variable, these arrows 
seem to be flying in all directions. 

% Bruee's Travels, vol. i. chap. 4. 
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air, therefore, flows in upon the land and supplies the 
place of the rarefied air, which is made to float higher in 
the atmosphere ; as the sun descends, the rarefaction of 
the land air is diminished, and an equilibrium is restor« 
ed* As the night approaches, the denser air of the hills 
and mountains (for where there are no hills, there are no 
sea and land breezes,) falls down upon the plains, and 
pressing upon the air of the sea, which has now become 
comparatively lighter than the land air, causes the land 
breeze. 

The Cape of Oood Hope is famous for its tempests, 
and the singular cloud which produces them : this cloud 
appears at first only like a small round spot in the 
sky, called bj sailors the Ox^s Eye, and which prob* 
ably appears so minute from its exceedingly great 
height. 

In Natolia, a small cloud is often seen, resembling 
that at the Cape of Good Hope, and from this cloud a 
terrible wind^ issues, which produces similar effects. In 
the sea between Africa and America, especially at the 
equator and in the neighbouring parts, tempests of this 
kind very often arise, and are generally announced by 
small black clouds. The first blast which proceeds fromr 
these clouds is furious, and would sink ships in the opeir 
sea,' if the sailors did not take the precaution to furl their 
sails. The tempests seem to rise from a sudden rare- 
faction of the air, which produces a kind of vacuum, and 
the cold dense air rushing to supply the place. 

Hurricanes, which arise from similar causes, have a 
whirling motion which nothing can resist. A calm gen- 
erally precedes these horrible tempests, aDd;the sea then 
appears like a piece of glass ; but in an instant, the fury 
of the winds raises the. waves to an enormous height. 
When, from a sudden rarefaction, or any other cause» 
contrary currents of air meet in the same point, a whirl- 
wind is produced. 

The force of the wind upon a square foot of surface ta 
nearly as the square of the velocity ; that is, if on a 
square board of one foot in surface, exposed to a wind. 



* This wind deems to be described by St* Paul in the 27th chapter of 
the 4-ct8, by the name of Euroclydon. 



112 



tHE ATBIOSraE&E, k^ 



there be a pressure of one pound, another wiodf with 
double the velocity, will press the board with a forjce of 
four pounds, &c. The followtng table, extracted from 
the Philosophical Ti^nsactions, shows the velocity and 

tressure of the winds according to their different appel* 
itions. 



Velocity of the Wind. 


Perpendicnlar 






force on one 

milAPS fnrtt. in 


Cooinon appelletioosof 
the wind*. 


Miles in one 


Feet in one 


m|uuo luoftf In 

poundi avoir- 
dupoig. 


Il0ll^ 


second. 




1 


lAl 


jobs 


Hardly percepUble. 


3 




«.9S( 
4.40 


1 


MO 


1 


Jttst perceptible. 


4 
5 




5.8T, 




its 




Gentle pleasant wind. 


10 
15 


• 
1 


14.67 
U.00 




.492 
1.107 


1 


Pleasant brisk gale. 


SO 
25 


1 


49.34 
36.67 




1968 
3.075 


:• 


Very brisk. 


SO 
S5 




44X)1 
5134 


1 


4.429 
6.027 




High winds. 


40 
451 


i 


58.68 
66.01 


1 
i 


7.873; 
9.963 




Very hig^. 


50 


73.35 


12.300 


A. storm or tempest. 


60 


SSM 


17.715 


A. ereat storm. 
A. hurricane. 


80 


117.36 


31490 






C A harricane that tears 


' 100 


146.TO 49.800 

* 


<ap trees, and carries 
fhuil«:ing9,Jkc before it. 
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CHAPTER X. 

Of Vajfout^i Fog8 and Mists, Clouds^ Dew and Hoar* 
Frost, Rain, Snow and Hail, Thunder and LigU* 
fling, Falling Stars, Ignis Fatuus^ Aurora Borea^ 
lis, and tlie Rainbow. 

1. YAPOURS are composed of aqueous or water/ 
particles, separated from Ifae surface of the water, or 
moist earth, by the action of (be sun's heat 3 wfaerebjr 
thej are so rarefied, attenuated, and separated from 
each other, as to become specifically lighter than the 
air ; and, consequently, they rise and float in the atmos** 
phere. 

2. Foos A»D MISTS. Fogs are a collection of vapoun 
which chiefly rise from fenny, moist places, and become 
more Tisible as the light of the day decrease^. If these 
▼apoure be not dispersed, but unite with those that rise 
from water, as from rivers, lakes, &C4 so as to fill the air 
in general, they are called mists. 

3. Clouds are generally supposed to consist of Ta- 
pours exhaled from the sea and land.^ These vapoura 
ascend till they are of the same specific gravity as the 
surrounding air t here they coftlesce, and by their union 
become more dense and weighty. The more thin and 
rare the clouds are, the higher they soar, but the height 



* Br. ThomptoHi, in vol.iv. of his Chemiatry, page T9, le. edition of 
1810, says, it is remarkable that, though the greatei>t quanUty of vm- 
ponn exists in the lower strata of the atmosphere, clonds never beein 
to form there, but always at some considerable height. The heat of the 
elouds is sometimes nreater than that of the surrounding air* The for- 
mation of donds and rain is neither owing to the saturation of the at*' 
ttiosphere, nor the diminution of heat, nor the mixture of airs of diflTer- 
ent temperatures. Evaporation often goes on for a month together in 
hot weather, especially in the torrid soue, without any rain. The wa- 
ter isan neither remain in the atmosphere, nor pass ihrodgh it in a state 
of vapour : What then beeomes or the vapour after it enters the atmof- 
phere ? What makes it lay aside the new form which it ratist hove assii- 
med, and return again to its state of vapour, and fall down in rain ? 
Till these questions are experimentally answered, Br. Thompson co|i- 
cludes, that the fonmtiea of clouds and rain cannot be acsttrattly ac* 
couBteil for, 

17 
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teMom, if ever, eiceeda two miles. The generalilj of 
cloadfl are suspended at the height of about a mile ; 
flometimes, when the clouds are highly electrified, their 
height is not above seven or eight hundred yards. The 
wonderful variety in the colour of the clouds is owing to 
their particular situation to the sun, and the different re- 
iections of his light. The various figure of the clouds 
probably proceeds from their loose and voluble texture, 
revolving m any form according to the different force of 
the winds, or from the electricity contained in them. 

The general colour of the sky is blue, and this is cos 
casioned by the vapours which are always mixed with 
air, and which have the property of reflecting the blue 
rays more copiously than any other.* 

4. Dbw. When the earth has been heated in the day-- 
time by the sun, it will retain that heat for some time af- 
ter the son has set. The air bebg a less dense, or less 
compact substance, will retain the heat for a less time: 
so that in the evening, the surface of the earth will be 
warmer than the air about it, and consequently, the va- 
pours will continue to rise from the earlh ; but, as these 
vapours come immediately into a cool air, they will only 
rise to a small height ; as the rarefied air in which they 
began to rise becomes condensed, the small particles of 
vapours will be brought nearer together. When many 
ot these particles are uni:ed, they form dew ; and, if this 
dew freeze, it will produce hoar-frost. 

5. Rain. When the weight of the air is diminished, 
its density will likewise be diminished, and consequent- 
ly, the vapours that float in it will be less resbted, and 
begin to nil, and, as they begin to strike one upow ano- 
ther in falling, they will unite and form small drops. But 
when the small drops of which a cloud consisted are uni- 
tedjnto such large drops, that no part of the atmosphere 
is sufficiently dense to produce a resistance able to sup- 
port them, they will then fall to the earth, and consti- 
tute what we call rain. If these drops be formed in the 
higher regions of the atmosphere, many of them will be 
united before they come to the ground, and the drops 



* Saiomre, Voyages dam lea Alpes, vol. ir. p. fi8S. 
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of Mn will be very large. "^ The drops of rain inc^ase 
so moch both in bulk and motion, during their desoent, 
that a bowl placed on the ground would receive in a 
shower of rain, almost twice the quantity of water that a 
sifflilar^bowl would receive on a neighbouring high stee- 
ple.f The mean annual quantity of rain is- greatest 
at the equator^ and decreases gradually as we approach 
the poles. Thus, at 

Latitude. Depth of rain. 
Grenada, West Jndies, - 12^0' 126inches. 
t Domingo, Cape St. Francois, 19« 46' 120 
Calcutta, - - - - 22^ 23" . 81 
In Gogland, - - - dd"" 0' ^ 32 . 

Petersbui^, - - . - 59° 16' - 13 / 



I 



On the contrary, the number of rainy days is smallest 
at the equator, and increases in proportion to fthe dis- 
tance from it. The number of rainy days is often great- 
er in winter than in summer ; but the quantity of rain is 
greater in summer than in winter. More rain falls in 
mountainous countries than in plains. Among the Andes, 
it is said to rain almost perpetually, while in the plains 
of Peru and in Egypt^ it hardly ever rains at all. The 
mean annual quantity of rain for the whole globe is esti- 
mated by Dr. Thompson at 34 inches in depth, hencOp 
may be found the whole quantity of rain that falls in a 
year upon the whole surface of the earth and sea, in tha 
same manner as the number of cubic inches were found 
in the atmosphere, in chapter IX. of this work. The 
same author observes, that, for every square inch of the 
earth's surface, about 41 cubic inches of water are annu- 
ally evsiporated ; so that the average quantity of rain is 
considerably less than the average quantity of water 
evaporated. 

^50W AiTD RAIL. Suow coustsfs of such vapours as 
are frozen while the particles are small ; for, if these 



• Dr. Rutherford'f Nataral Philoffophy, vol. li. chap. 10. Signior 
Beocaria, whose observations on the-generel state of electricity in the 
atmosphere have been very accarate and extensive, ascribes the canseu 
of hail, rain, snow, &c. &c. to the eifect of a moderate electricity in ths 
atmosphere. 

t Mr. Adam Walker's Flamlliar Philosophy, feet v. ijage 215. 

% Dr. Thompson's Chemistry, vol. iv. p. 85, &c. edition of 19iOf 
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ptick together, after they are frozen, the mass that is form-^ 
ed out of them will be of a loose texture, and form little 
flakes or fleeoes, of a ikrhite substance, somewhat heavier 
than the air, and therefore, will descend in a slow and 
gentle maooer through it. Hail, which is a more com- 
pact mass of froEen water, consists of such vapours as 
are united into drops, and are frozen while thejr are 
falling.'^ 

7. Thunder and liohtnino. It has been already 
observed, that the atmosphere is the common receptacle 
pf idl the effluvia, or vapours, rising from different bodies. 
Now, when the effluvia of sulphureous and nitrous bo* 
^iesf meet each other in the air, there will be a strong 
conflict, or fermentation, between them, which will some- 
times be so great as to produce fire, j; Then, if the ef- 
fluvia be combustible, the fire will run from one part to 
finother, just as the inflammable matter happens to lie. 
If the inflammable matter be thin and light, it will rise to 
the upper part of the atmosphere, where it will flash 
without doing any harm ; but if it be dense, it will lie near 
the surface of the earth, where, taking fire, it will ex- 

5 lode with a surprising force, and by its heat rarefy and 
rive away the air, kill men and cattle, split trees, walls, 
rocks, &c. and be accompanied with terrible claps of 
thunder. The effects of thunder and lightning are owing 
to the sudden and violent agitation the air is put into, 
together with the fbrce of the explosion. Stones and 
' bricks struck by lightning are often found in a vitrified 
state. *Signior Beccaria supposes that some stones in 
the earth, having been struck in this manner, gave rise to 
the vulgar opinion of the thunder-bolt. It is now gene- 
rally admitted that lightning and the electrical fluid are 
the 8ame.§ 



* Botherford's Fliilosophy, vol. ii. chap. 10. 

t Gunpowder, the effects of which are similar to thunder and light- 
sing, is composed of six parts of nitre, one part of sulphur, and one 
part of charcoal. 

i Professor Winkler's Philosophy. 

i Sienior Beccaria* of Turin, observes, that the atmpsphere abound* 

with electricity; and if a cloud, which is positively charged (via. which 

• has more than its natural share of electrical fluid) pass near another 

cloud which is neeatively charged <vi8. which has less than its natural 

share of electritaTfluid) they will attract each other^ and a ^uick depri- 
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8. The falliho stabs, and other fiery meteors^ 
which are frequeatly seen at a considerable height in the 
atmosphere, and which have received different names 
according to the variety of their figures and size, artae 
from the fermentation of the effluvia of acid and alkaline 
bodies^ which float in the atmosphere. When the more 
subtile parts of the effluvia are burnt away, the viscous 
and earthy parts become too heavy for the air to sop- 
port, and by their gravity fall to the earth. 

The disappearance of fiery meteors is frequently acr 
companied by a loud explosion like a clap of thunder, 
and heavy stony bodies have been observed to fall from 
them to the earth. Dr. Thompson* has given a table of 
36 showers of stones, with the places where they fell, 
the dates, and the testimonies ankiexed. 

These stony bodies, ^hen found, are always hot, an4 
their size differs from a few ounces to several tons. 
They are usually round, and always covered with a 
black crust. When broken, they appear of an ash-grey 
colour, and of a granular texture like coarse sand-stone. 
These substances are probably concretions actually 
formed in the atmosphere, but in what manner no ration- 
al account has yet been given. 

9. Or THE loiris fatuvs, commonly called Will'- 
wUk-a^Wisp , or Jack'tvith-a-Lantem* This meteor, 
like most others, has not failed to attract the attention of 
philosophical inquirers^ Sir Isaac Newton, in his Op- 
tical Queries, calls it a vapour shining without heat. 
Various accounts of it may be seen in the Piiilosophical 
Transactions .f The most probable opinion is, that it 
consists of inflammable air,|or oleaginous^matter, emitted 



▼ation of the electrical fluid will take place ; (he flash is called lightning, 
the veporttliUDder (the ensuing rollings are only echoes from distant 
clouds ;) the water, thas deprived of its usual support, falls down in Im- 
petuous torrents. 

* Chemistry, edition of 1810, vol. ir. p. IJf . 

t Mr. Ray and some others suppose it to be a collection of glow- 
worms flying together ; but Dr. Derham confuted this opinion. No. 

* % Inflammable air may be made thus: eiihaust a receiver of the air* 
pump, let the air run into it through the flame of the oil of turpentitie, 
then remove the cover of the receiver, and hold a lighted candle to the 
air, it will take fine, and bum quicker or slovfer ^boordiog to the 
density of the oleaginous vapour. 
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• JoZXc^r^^r^ ^'T,^' ' ''''^*'' «>*•«& kindled by 
•ome eieclric spirk, or other cause unknown (o n. .ill 
cwumue ,« burn or reflect . kind of ibinTJe in' Se 

;;i;»«f^i?*K''""?^"''"8 <hecourBe of river.; Je 
tCMon of which I. obvious, for the current of air isVreat! 
er .o these places than elsewhere. These melJJrf ?re 
veryconwn io Italy and in Spain. Dr ShaT* has 
fh^^T T*'t'*"\'«'"'» f-'"»»' which he saw io 
L«nS.t-^"'^^u'''"'"*^'' atmosphere was so uncom" 
woDly thick and hazy, that the dew on the horses' bri 
die. waa remarkably clammy and unctuous. Thi. me. 

flameofacaifdle, presently afterward, it .pread itself 

.!^H.S'!"^ theait would contract itself 'again, and 

Ecoml^vn"'*^ V**"*' ^ i*" **"» " minute, it ;ouW 
become visible a. before, and running along from one 

^n '^TJ'I' fr'* *. "'"'■* P~gre.5ve motion! wo„W 
ifolid.^ ' and cover a considerable space of 

LiflHTS. There have been various opinions and coniec 
lure, respecting the cau« and properties of these extra 
wd.naryph«Bdmena;t and the m'ost probable opinion 
IS, that they arise from exhalations, and are produced 

IbuiiUbaaable airis generated particularly between 
the tropics, by m»ny natural opefatlons, such a. the 
putrefaction of anlmd «d vegetable stlbstances, volca 
noe^&c. and bemgllrfrter than any other, ascends, 
«o the upper regions of the atmosphere, and, by the mo- 

• Sb«w»i Traveb, page S6S. 
5M. M9,a65.a68,*r6, S85, 395, 398, S99, Utt'. 410; 418; ISl', tni- 
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lion of the earthy is urged towards the poles ; for it has 
been- proved by experiments, that, whatever is lighter or 
swims on a fluid which revolves on an axis, is urged to* 
wards the extreme points of that axis :^ hence, these in* 
flammable panicles continually accumulate at the poles, 
and by meeting with heterogeneous matter, take fire, and 
•cause those luminous appearances frequently seen to* 
wards the polar regions.f 

In high latitudes the Aurorie Boreales appear with 
the greatest lustre, and extend over the greater part of 
the hemisphere, varying their colours from all the tints 
of yellow to thp most obscure russet. J In the north* 
east parts of Siberia, Hudson*s Bay, &c. they are at* 
tended by a continued hissing and cracking noisotbrough 
the air, similar to that produced by fire- works. § 

11. Or THE RAiirBOW. The rainbow is the most 
beautiful meteor with which we are acquainted : it is 
never seen but in rainy weather, whertf the sun illumi- 
nates the falling rain, and when the spectator turns hit 
back to the sun. There are frequently two bows seen,^. 
the interior and exterior bow. The joterior bow is th^ 
brightest, being formed by the rays of light falling on the 
upper part of the drops of rain ; for a ray of light enter- 
ing the upper parts of a drop of rain will, by refraction, 
be thrown upon the inner part of the spherical surface 
of that drop, whence it will be reflected to the lower 
part of the drop, where, undergtNng a second refraction. 



* See Mr. Kirwan's accnunt of the Aurora Borealif, Irish Phil. 
Transaction!* for 1788, page 70, &c. 

t We have very few accounts of the Aurora Aiistralis, or Soadiera 
Lights, owing perhaps to the want of observations oo those remote 
parts of the globe, and a proper channel of information. Captain CooIc« 
in his second voyage towards the south pole, says; ^^ (February t7th^ 
1773,) We observed a beautiful phenomenon in the heavens, eonsistlil^ 
of long columns of clear white light, shooting up from the haavem to 
the eastward, almort to the zenith, and gradually spreading over the 
whole southern part of the sky. Though thefte columns were in most 
respects simiiar to the Aurora Borealis, yet they seemed to diflhr fioa 
iKem in being always of a whitish colour. The stars were sometimea 
hid by, and Bometimes faintly to be seen through, the substances of these 
Aurore Australes. The sky was generally clear when they appeared, 
and the air sharp and cold, the thermometer standing at the freesing 
point ; the ship beins in latititude 58* south." 

i Dr. Reei' New Cyclopaedia, word Aurora Borealis. 

i Philosophical Trausactiuns, vol. Ixxiv. page 228. 
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it will be beat towards the eye of the spectator ; heoce^ 
the rays whichfall upoo the iaterior bow come to the eye 
after two refractions and one reflection, and the colours 
of this bow from the upper part are red, orange, yellow, 
green, blue, indigo, atad violet. The exterior bow i« 
formed by the rays of light falling on the lower parts of 
the drops of rain ; these rays, like the former, undergo 
two refractions, viz. one when they enter the drops, and 
another when they emerge from the drops to the eye ; 
but they suffer two or more reflections in the interior 
surface of the drops; hence, the colours of these raya 
are not so strong and well defined as those in the interior 
bow, and appear in an inverted order, viz. from the un- 
der part they are red, orange, yellow, green, blue, indi- 
go, and violet. To illustrate this by experiment, sus- 
pend a glass globe filled with water in the sun-shine, 
turn yottt back to the sun, and view the globe at such a 
distance that the part of it farthest from the sun may . 
appear of a full red colour, then will the rays which come 
from the globe to the eye make an angle of 42 degrees 
with the sun's direct rays ; and if the eye remain in the 
same position and another person lower the glass globe 
gradually, the orange, yellow, green, &C. colours, will 
appear in succession, as in the interior bow. Again, if 
the glass globe be elevated, so that the side nearest to 
the sun may appear red, the rays which come from the 
globe to the eye will make an angle of about 50 degrees ; 
then, if another person gradually raise the glass globe, 
while Ihe spectator remains in the same position, the 
rays will successivelj^ change from red to orange, green, 
yellow, &c. as in the exterior bow. These observa- 
tions being understood, let dfie (Plate lY. Fig. I.) rep- 
resent a drop of rain belonging to the interior bow, 8d 
a ray of light falling on the upper part of the drop at d; 
instead of the ray continuing, its direction towards F, it 
will be refracted or bent towards n, whence part of it 
(for some will pass through the drop)will be reflected to 
e, making the angle of incidence dnk equal to the angle 
of reflection enk ; instead of continuing its direction 
from^e towards /, it will, by emerging out of the water 
into the air, be again refracted to the eye at O. But, as 
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this ray of light consists of a pencil^ of rajs, some of 
which are more refrangiblef than others, the violet, 
which is the most refrangible,! will proceed towards B, 
and the red, which is the least refrangible, will proceed 
towards O. Now, if the eye of the spectator be so pla- 
ced that the ray of light falling upon it has been once re- 
flected, and twice refracted, so that Oe shall make, with 
the solar ray Sd," an angle SmO of 42° 2fyX he will 
see the red ray in the direction Oem ; and if the eye be 
raised to B, so that Be shall make, with the solar ray Sil, 
an angle BFS of 40° 17^ the violet ray will be seen in 
the direction BcF ; the red ray will appear the highest, 
the violet the lowest, and the rest in order, according to 
their dijSerent refrangibjlity, as in the interionbow (Fig* 
2. Plate ly .) for the drop of water descends from F to 
e. What has been observed of one drop of water, will 
be true in an infinite number of drops ; hence, the inte- 
rior bow is composed of a circular arth, whose breadth 
is Fe, proportional to the difference between the least 
and most refrangible rays. 

To explain the exterior bow. Let ctnd (Plate lY* 
Fig. 1.) represent a drop of rain, Sd a ray of light fall- 
ing upon the under part of it at d ; instead of this ray 
continuing its direction towards m, it will be refracted 
to n, whence part of it will pass through the drop, and 
the rest will be reflected to # ; at f a part of it will again 

* A pencil of rayfl is a portion of light of a eonical form, diverging 
or proceeding from a point ; or tending to a point, in wliicli case tlie 
raya are said to converge. 

t Refrangibility of the i^s of light is their tendency to deviate 
from their natural course. Those rays which deviate most from their 
natural course, in passing out of one medium into another, are said to 
he the most refrangible ; and those which devii^te the least from their 
natural course, are the least refrangible. Sir Isaac Newton, by experi- 
ment, found the red rays to be the least refrangible, and the violet 
rays the most; and those rays which are the least refrangible are like* 
wise the least reflexible. 

f The sine of incidence and refraction of the least refrangible rays, 
out of water into air, is as 3 to 4, or as 81 to 108 ; and the most refran- 
gible, as 81 to 109. Emerson's Optics, p. 92^-<-The same author at 
page 237, prob. xxvi. of his Optics, by the method of fluxions or incre? 
ments, and using the numbers above, finds that the anele which the 
emergent ray makes with the incident ray, in the interior bow, is 4£<> 9f 
for the red, and 40" 17' for the violet; andjpr the exterior bow, these 
angles are 50<* 57', and 54* 7'. The inv«M%ations are here omitte4i 
because they cannot be rendered intelligible to any persoiis l^u^ ma^het 
matiicws, 

19 ' 
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pass through the drop, and the reniaioder, will be reflec- 
ted to C ; then in emerging from the water into the air, 
instead of continuing the direction CZ^ it will be refrac- 
ted from C to the eye at O. But as this raj of lighty 
like that in the interior bow, conaists of a pencil of rays 
of different refrangibility, the red, which ia the least 
refrangible, will proceed towards A; and the violet, 
which is the most refrangible, will proceed towards O. 
Now, if the eye of the spectator be so placed that the 
ray of light falling upon it has been twice reflected, and 
twice refracted, so that Oo shall make with the solar 
ray So an angle SoO of 54^7-, he will see the violet ray- 
in the direction OcY ; and if the eye be raised to A, 
so that Ao. shall make with the solar ray So an angle 
So A of 50® 57' J the red ray will be seen in the directioi| 
Acr f the violet ray will ^>pear the highest, and the 
red ray the lowest, and the rest in order according to 
their different refrangibility, as in the exterbr bow 
(Plate lY • Fig. 2.) for the drop of water descends from 
H to d. The same observations apply to an infinite 
number of drops, as in the interior bow. 

Hence, if the sun were a p^int, the breadth of the 
exterior bow would be (54*> 7'— 50° 57'=) 3® 10<, that 
of the interior bow (42° 2<— 40^ 17'=) 1^ 46', and the 
distance between them (50° 57'— 42° 2'=) 8° 55 ; but, 
as the mean diameter of the sun is about 32' 2'% the 
breadths of the bows must be increased by this quantity, 
and their distances diminished ; the breadth of the ex- 
terior bow will then be 3° 42S that of the interior bow 2° 
17, and their distances 8^23'. The greatest semi-diame- 
ter of the interior bow will be (4^ 2'+ 16', the sun's 
8emi-diameter=) 42° 18', and the least semi-diametef 
of the exterior bow (50® 57'— 16' the Bun*B semi-diame- 
ter=) 5(P 41'. 

All rainbows are arches of equal circles, and conse- 
quently, are equally large, though we do not always se^ 
an equal quantity of them ; for the eye of a spectator 
|S the vertex of a cone, and its circular base is the rain- 
bow, the semi-diameter of which (for the interior bow) 
is the fixed quantity 42° 18', equal to the angle FOP ; 
and as 8F will, in all situations, be parallel to OF, andf 
the angle SFO, equal to FOP, must be always equal to 
42° 18', it is evident that, as S rises, F and P will sink ; 
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and when SF makes an angle of 42^ 18'| with the hori- 
zon, OF will coincide wi£ OQ, and the interior bow 
will vanish ; hence, the interior bow cannot be seen if 
the sun's altitude exceed 42^. 18' : again, as the point? 
rises, the point S will sink, and when OP coincides with 
OU, SF will be parallel to the horizon (viz. the sun will 
be rising or setting) and the whole semi-diameter of the 
rainbow will appear, which is the greatest part of it that 
ever can be seen on level ground ; hence, half a rau- 
bow is the most that can be seen in such a situation : 
but if the observer be on the top of a high mountabf 
such as the Andes, with his back to the snn, and if it 
rains in a vallej before him, a whole rainbow maj be 
8een> forming a complete circle. The above reasoning 
is equally applicable to the outer bow ; hence, as the 
sun rises, the bows sink; and, when his altitude exceeds 
42^ 18', the iiiterior bow cannot be seen, and, if it ex- 
ceed (54<' 7'+ 16'=) 54^ 23^, the exterior bow cannot 
be seen. 



PART II. 

THE ELEMENTARY PJRINCIFLES OF ASTRONOMY. 

ClOHTAIVXHG, 

l.'The Solar Syitem, &e. 2. The nature of Comets ; the Ek>ogation% 
Metionary and letrograde Appearaooes of the Planetf ; of the Fixed 
8ta«to i the Eclipfles of the Sun and Moon, &c. 



CHAPTER I. 

Of the Solar System. {Plate IL Figure I.) 

T^HE solar aysteiii is so called becailUe the sun is sup- 
posed to be placed in a certain point, termed the centre 
of the system, having all the planets revolving round him 
at different distances, and in different periods of time* 
This is likewise called the Copernican system. 

1. OF THE SUN. 

The sun is situated near the centre oflhe orbits of all 
the planets, and revolves on its axis in 25 days, 14 
hours, 8 minutes. This revolution is determined from 
the motion of the spots on its surface, which first make 
their appearance on the eastern ey^emity, and then by 
degrees come forward towards the middle, and so pass 
on till they reach the western edge, and then disappear. 
When they have been absent for nearly the same period 
of time which they were visible, they appear again as at 
first, finishing their entire circuit in 27 days, 12 hours, 
20 minutes."^ < 



* M. Cassini determioed the time which the nm takes to revolve on 
its axis thus : the time in which a spot returns to the same sitnation on 
the flim's due (determiAed from a Mries of aceurate obsenrations) is 2T4. 



^' 
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The sun is likewise agitated by a small motioo round 
the centre of gravity of the solar system, occasioned bj 
the various attractions of the surrounding planets ; but, 
as this centre of gravity is generally within the body oC 
(he sun,^ and can never be at the distance of more thaii 
the length of the solar diameter from the centre of that 
body, astronomers generally consider the sun as the ceo^ 
tre of the system, round which all the planets revolve ; 
though in reality the centre of gravity of the sun and pf 
all the planets is the centre of the world.f As the sun 
revolves on an axis, his figure is supposed not to be 
strictly in the form bf a globe, but a little flatted at the 
poles ; and that his axis makes an angle of about eight 
degrees,;]: with a perpendicular to the plane of the earth's 
orbit. As the sun's apparent diameter is longer in De- 
cember than in June, it follows that the sun is nearer to 
the earth in our winter than it is in summer ; for the ap- 
parent magnitude of a distant body diminishes as the dis- 
tance increases. The mean apparent diameter of the sun 
is stated to be 32' 2" ; hence, taking the distance of the 
sun from the earth to be 95 millions of miles^ as before 
determined,§ its real diameter will, be 886149 miles ; 
and, as the magnitudes of all spherical bodies are as the 



12 h.20 m. ; ngw the mean motioB of the earth in that time is 27* 7' 8^ 
hence, 360^ X 27<> V 8'': 27 d. 12 h. 20 m.: : 360« :25 d. U h. 8 m. ; 
the time of rotation. 
* Sir Isaac Newton's Princip Book iii. Prop. 11 and 12. 
t Newton*8 Princip. Book iii. Prop. 12. CoroL 
X Walker's Familiar Philosophy Liecture xi. p. 516. 
k The semi-diameter of the earth has been determined at page 57, in 
the note, to be S982 miles ; and the distance of the earth from the sun 
is 23882.84 semi-diameters of the earth. See the note, p^a 62. Now, 
the apparent semi-diameter m 9 of the sun (Plate I V. Fig. 30 ia 
measured by the angle m o n=&^* %" ; hence the angle o m tiassthe 
I8O0— 32' 2" 

angle o nm =- = 89« 4^ 59'' ; and on account of the dl»- 

2 
tanceof the sun from the earth, o 01, oc, and o n may be considered ai 
equal. Hence, 

Sine on m SSoi^ 5^ .9.9999953 

Is to 23882.84 semi-diameters 4.3780860 

Assinemon 32' 2'' 7.9693152 - 

Is to 222. 5388 semi-didmeters 23474059 

Now, 222.5838 X^98S»886149.5016 miles, the diameter of the sun, 
the cube of which is divided by the cube of 7964, the diameter of the 
earth, gives 1377613 times the sun is larger thaa the earth. 
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cabes* of their diametcra, the magnitude of the sun will 
be 1377613 timet that of the earth ; the diameter of the 
earth being onlj 7964 miles, the diameter of the sun is 
above one hondred and eleven times the diameter of the 
earth* 

IL OF MERCURY $. 

Mercury is the least of all the planets whose raagni« 
tudes are accurately known > and the nearest to the sun. 
The inclination of its axis to the plane of its orbit, and 
the time it takes to revolve on its axis, are unknown, 
consequently^ the vicissitudes of its seasons, and the 
length of its day and nighty are likewise unknown. Mer- 
cury is seen tlurough a telescope sometimes in the form 
of a half moon, and sometimes a little more or less than 
half his disc is seen ; hence, it is inferred, that he has the 
same phases as the moon, except that he never appears 
quite round, because his enlightened side is never turn- 
ed directly towards us, unless when he is so near the sun 
as to becQme invisible, by reason of the splendor of the 
sun's rays. The enlightened side of this planet being 
always towards the sun, and his never appearing round, 
are evident proofs that he shines not by his own light ; 
for, if he did, he would constantly appear round. 
The best observations of this planet are those made 
when he is seen on the sun's disc, called his transit ; for, 
in his lower conjunction, he sometimes passes before the 
sun, like a little spot, eclipsing a small part of the sun's 
body, only observable with a telescope. That node 
from which Mercury ascends northward above the eclip- 
tic is in the fifteenth degree of Taurus ;f and, conse- 
quently, the opposite or descending node is in the fif- 
teenth degree of Scorpio. The earth is in the fifteenth 
degree of Taurus on the 6th of May, and in the fifteenth 
of Scorpio on the fourth of November ; and when Mer- 
cury comes to. either of his nodes at his inferior con- 
junction (viz. when he is between the earth and the sun) 



• Euclid xH. and 18th. 

t The place of Mercury's aflcending node for 1750 was 15* 20' iS'' 
in Taurus, and its yariation in one hundred yean is l"" iS^ W. Vin/HH 
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he will pass <nrer the bod's disc, if it happen on or near 
the days above mentioned ; but in all other parts of his 
orbit, he goes either above or beloir the sun, and conse- 
quently his conjunctions are invisible. 

Mercury performs bis periodical revolntion round the 
sun in 87 d. 23 h. 15 min. 43 sec. ; his greatest elonga-- 
tion is28'' 20', distance from the sun X^l4T2l* miles; 
the eccentricity of his orbit is estimated at one-fifth of 
his mean distance from the sun ; his apparent diameter 



* The difllance of Mercury, or any planet, from the mu, may hp 
found hyKqiUr^t rule. Thug, the Muar^ of the time ^hich the earth 
lakes to revolve round the mii^, ik to the cube of the mean distante blT 
ihe earth from the nin, as the square of the time which any other planet 
takes to revolve round the sun, is to the cube of its mean distance'; 
the cube-root of which will give the distance sought. On, ickieh i$ 
shorter, divide the square of the time in which any planet revolves rbond 
t1ie8un,by the si^uare of the time in which the earth revolves round 
the sun, the cube-root of the quotient will give the rehiive dittanee ojf 
the planet from the sun. This relative distance multiplied by the meai^ 
distance of the earth froip'the sun, will give the mean diftand^ of thd 
planet from the sun. 

First for Mtreury, The earth revolves round Hhe am in 565 d. 5 h. 4$ 
m. 4S sec. z»91556928 sec. the eqimre of which is 995959704797184, a 
constant divukm fiMr all the nlanets, and 25682.84, the distance of the 
earth from the aim in seni-diameters (see page 62, note) will be a cof|[* 
ftant molUplier. 87 d. 25 h. 15 m. 45 sec. »7600545 see. the square of 
which is 5776^5894849. This square divided bv the former givef 
•0580096 nearly, the cube-root of which is 58710991, the disUnce of 
Mereury from the fun, supposing the dntance of the earth from the 
sun to be an unit. .58710991 X 25882.84»9245.2841 distance of Mer« 
cury from the sun in semi-diameters of the earth ; hence, 9245.2841 X 9 
982 nditts of the earth, s«;S6814721 miles, the mean distance of Mer>' 
cury from the pun. 

Ine distance of the inferior planets from the sun may be found by 
their elongations. M. de la Lande has calculated that, when M erawry 
is in his aphelion, and the earth in its perigee, the greatest eiongatloQ 
of Mercury is 28<> 20^ ; but when Mercury is in his perihdion and the 
earth in its apogee, the greatest elon^tion w 17« 56' ; the medium* 
therefore, is 22o 58'. Hence, in the triangle snv (Plate IL Fig. 2.) the 
angle 8SVs:22« 58^ the diftaaoe of the earth from the sun 8b»25882 
.84 semi"diameters, and Bva is a right angle. 

mdiiii,ilneof 90« ..•••.. 10.0000000 

Is to SE»35882-84 43780860 

As sine pf 22<> 58^ 9.5912825 

Is to 9518^976 seml-dlamilers ... 5.9695685 

Hence, 9518976 X 5982=^108162 miles, the distance of Merenry fh>m 
the sun by this method ; but au error of a few feconds in the elongation 
wiU make a considerable diibrence. 
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IV ;heace, hb real diameter is 3108 mileSi'lf' and his 
magnitude about one-sixteeDth of the magnitude of the 
earth. 

Mercury emits a bright white light ; he appears a Iit« 
tie after sup-set, and again, a little before sun-rise ; but, 
on account of his nearness to the suo, and the smallness 
of his magnitude, he is seldom seen. The light and heat 
which this planet receives from the sun, is about seven 
times greater than the light and heat which the earth 
receives.f The orbit of Mercury makes an angle of 
seyen degrees with the ecliptic, and he revolves round 
the sun at the rate of upwards of one hundred and nine 
thousand miles per hour.ji The manner in which the 



* The mean distance of the earth from the sun is 25882.84 semi-diam. 
and Mercuty's distence 9245.2841 semi-diam . : the diflerence is 14637 
.5559 semi-diara«, the distance of .Mercary from the earth ; and, as the 
magnitudes of all bodies vary mvtrseiif as their distances, we have by 
the ruleof three inverse ^657.5559 : 11'' : : 2^882 84: 6'' .74179, the 
apparent diameter O Mercury, at a distance from the earth equal to 
that of the sun. Now the mean apparent diameter of the sun ii.SS,' %*^ 
and its neal diameter 886149 miles ; hence, 32' 2" : 886149 m. : : 6" 
.74179 : 3108 miles of the diameter of Mercury : and if the cube of the 
diameter of the earth be divided by the cube of the diameter of Mercur 
rf^ the onotient wiU be 16.8 times the magnitude of the earth exceeds 
that of Mercury. 

The diameter of Mercury might have been found exactly in the same 
manlier, as the diameter of the sun was found in the note page 125, 
using 11" instead of 32r' 2", and 14637.5559 semi-diam. instead of 
83882.84 semi-diam. ; the result of the operation in this ca^e will be 
78061 semi-diam. of the earth; hence, .78061 X 3982^=3108 miles the 
diameter of Mercuiy exactly as above, it has been remarked at page 63, 
that the apparent mameters of the planets are measured by a microme» 
ter, said to be invented by M Asout, a Frvnehman ; but it appears, 
from the Philosophical Transactions, that it was invented by ]^r. Gasn 
aoigne, an Englishman. 

t K\ the effects of light and heat are reciprocally proportional to the. 
•quares of the distances from the centre whence they are propagated, if 
you divide the square of the earth's distance from the sun, by the square 
of Mercury's distance from the sun, the quotient wiU shew the com- 
parative heat of Mercury to that of the earth. 

X This is found In the same manner as for the earth at page 63. Thus 
if yon double the distance of any planet from the sun, then multiply by 
355, and divide the last product by 113, you obtain the circumference 
of the planet's orbit in miles. This circumference, divided by the num- 
|»er of hours in the planet's year, m||I give the number of miles per 
hour which that planet travels rouno the sun : a general rule fqr all the 
planets. Hence, 

The circumference of Mercury's orbit will be found to be 231313739i 
J17 miles ; then 87 d. 23 h. 15' 43^' : 231313733717 mllei ; : 1 h. : 109g 
6}. mUes A^ercury iraveli per hour. 
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Mrth revolves round the sun has alreadj been explain* 
ed, at page 61, and, as all the other planets move in a 
similar manner in elliptical orbits, having the sun in one 
of the foci, what has been observed respectingthe earth, 
will be equally applicable to all the planets* 

m. OF VENUS 9. 

Venus is. the brightest, and to appearance, the largest 
of all the planets ; her light is distinguished from that of 
the other planets by its brilliancy and whiteness, which 
are so considerable, that, in a dusky place, she causes an 
object to cast a sensible shadow. Venus, when viewed 
through a telescope,, appears to have all the phases of 
the moon, from the crescent to the enlightened hemi- 
sphere, though she is seldom seen perfectly round. Her 
illuminated part is constantly turned towards the sun ; 
hence, the con vex part of her crescent is turned towards 
the east when she is a morning star, and towards the 
west when she is an evening star : for, when Venus is 
west of the sun, as seen from the earth, that is, when her 
longitude is less than the sun^s longitude, she rises before 
him in the morning, and is then called a morning star ; 
but when she is east of the sun. viz. when her longitude 
is greater than the sun's longitude, she shines in the 
evening after the sun sets, and is then called an evening 
star. 

Venus is a morning star, or appears west of the sun 
for about 290 days^ and she is an evening star, or ap* 
pears east of the sun for nearly the same length of time, 
though she performs her whole revolution round the sun 
in 224 days 16 hours 49 minutes 10 seconds. A very 
natural question here may be asked, viz. Why Venus 
appears a longer time to the eastward or westward of 
the sun than the whole time of her entire revolution , 
round him? This is easily answered by considering 
that while Venus is going round the sun, the earth is go- 
ing round him the same way, though slower than Venus, 
and therefore, the relative motion of Venus is slower than 
her absolute motion. * 

SomiBtimes Venus is seen on the disc of the sun in 
the form of a dark round spot. These appearancea 
happen but seldom, vix. they can happen only when 

19, 
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Yeiiu9 is between the earth and the sun, and whtn the 
earth is nearlj in a line with one of the nodes of Ye» 
nus.* The last transit of Venus was in ir69/ and 
there will not happen another of them till the year 18r4« 
The time which this planet takes to revolve on its aiis^ 
and the inclination of its axis to the plane of its orbit, 
have been given by different astronomers ; but Dr. 
Herschel, from a long series of observations on this 
planet, published in the Philosophical Transactions for 
1793, concludes, that the time of this planet's rotation 
on its axis is equally uncertain ; that its atmosphere is 
Very considerable ; that it has probably inequalities on its 
surface, but that it requires a better eye than his, or 
the assistance of better instruments than he is pos- 
sessed of, to discover any mountains. The apparent 
diami^ter of Venus is stated to be 58'/. 79 ; the eccen- 
tricity of her orbit 473100 miles ;t her greatest elon- 
gation 47^ 48' ; her revolution round the sun is perform- 
ed in 224 d. 16 h. 49 m. 10 8ec4 as before stated ; and 
if her apparent diameter be taken as above, her true di- 
ameter wilL be§ 7498 miles, and her magnitude some- 



* The place of the ascending node of Venus for 1T50 was li® 26', 18^' 
in Gemini, and its variation in 100 years is 51' 40'^ Tince's Astronomy. 

t For, according to M. de la Lande, if the mean distance oftne 
earth be 100000, the eccentricity of Venus wUl be 498 ; hence, wheR 
the distance is 93 millions of miles, the eccentricity will be 4T5100 
miles. 

X The seconds in this time=sl94i4t50, the square of which is 
S76909S20i22^00, this divMed by 995839704797184 (See the note, 
page 127,) gives ^84838. &c the cube root of which, is .7253511} 
this multiplied by 2588S.84 produces 17275.678385 semi-aam. 
which multiplied by 398i2=s6879175S miles tht distance of Venils from 
the sun. . 

M. de la Lande has found the greatest elongations of Venus to be 
47<' 48' and 44^ 57' when in similar situations to Mercury, mentioned in 
the note to page 127 ; the medium is 46o 22' 30^', using this angle aad 
the very same calculation as in tlie notes pages 127 and 128, the dis 
tance of Venus from the sun will be found=Kl7288.09 semi-diameters of 
the earth ; hence, the distance will be had=s68841174 miles, astonish* 
ingly near to the distance found by Kepler's rale, considering the grcAl 
difference in the principles of calculation, and a strong proof of the ^ 
truth of the Copernican system. 

♦ Here, (as in the note pagen28,) ^88l2-84--17275.678585= 
6607.16145 semi-diameter distance of Venus froih the earth; heuce, in- 
versely, 6607.16145 : 58' .79 : ; 23882.84 : 16" .26419. and 32' 2'' 
: 886149 : : 16" .z6419 : 7498 miles the diameter of Vbnus. Or^y 
trigonometry, unng the angle 58" .79, aod dislAuce 6607.16145, the 
result ^ 1.89314 ; X 3982»7498 niles. 



ihmg less than that of the earth ; lij^awise her disf aace 
from the sun which will be found to be 68791752 miles. 

The light and heat which this planet receives from the 
sun, are about double to what the earth receives.^. The 
orbit of VenuB makes an angle of ti^ 2S';)5''with the 
ecliptic, and she revolves round the sun at the rate of 
upwards of eighty thousand miles per hour.f This 
planet, like Mercury, never departs from the sun : she 
is only visible a few hours in the morning before the sun 
Tises, or in the evening after he sets ; an evident proof 
that the orbits of these planets are contained within the 
orbit of the earth, otherwise they would be seen in oppo- 
sition to the sun, or above the horizon at midnight. 

IV. OF THE EARTH, © AND ITS SATELLITE THE 
MOON.D 

The figure and the magnitude of the earth have been 
already explained in Chapter III. Part I ; and its diur- 
nal and annual revolution round the sun, distance from 
the sun, seasons of the year, &c. have been shown in 
Chapter IV ; as it would be superfluous to repeat those 
particulars here, this chapter is confined entirely to the 
moon. 

The moon being the nearest celestial body to the 
earth, and next to the sun, the most resplendent in ap- 
pearance, has excited the attention of astronomers in all 
ages. The Hebrews, the Greeks, the Romans, and, in 
general, all the ancients, used to assemble at the time of 
new, or full moon, to discharge the duties of piety and 
gratitude for its manifold uses. The day being measur- 
ed by observing the time which the sun took in appa- 
rently moving from any meridiah to the same again, so 
the month was measured by the number of days elapsed 
from new moon to new moon ; this month was supposed 
to be completed in thirty days ;% and when the motion 



* This is found by dividing the 8(j[aare of t|ie earth's distance jfrom 
the sun by the square of tlie distance of Venus from the sun. 

t By the process mentioned in the note pag» ISO, the circumference 
of the orbit of Venus will be found to be AS&Si96tASS miles ; {he^« 
as md. 16 h.49m. 10 sec : 4^231362.123 miles : : i h. : 8914^ 
miles Venus travels p^r l^ur. 

% The Rev. Mr. 0>8ta3rd, in bifl Histoiy of Astronomy, supposes 
that the oldest measure oftime (taken fiom the revoIat.ioniBofthe$e|Vp 
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of the mooD came to be compared with, and adjasteH 
to, the apparent motion of the sun, twelve of these 
months were thought to correspond exactly with the 
sun's annual course. The lunar month is of two sorts, 
periodical and ay nodical. A periodical month is the 
time in which the mpon finishes her course round the 
earth, and consists of 27 dajsZhours 43'min.5 sec- 
onds: and aiynodical month is the time elapsed from 
pew moon to new moon, and consists of ^9 days 12 
hours 44 min. 3 seconds. The synodical month was 
probably the on]y,one observed in the infancy of as- 
tronomy. 

The orbit of the moon is nearly elliptical, having the 
ea^ th in one of its foci ; but the eccentricity of this 
ellipsis is variable, being the greatest when the line of 
the apsides is in the^ syzygies, for then the transverse 
axis of the mpon's orbit is lengthened ; and the least 
when the transverse axis is in the quadratures, for then 
the conjugate aicis is lengthened, and consequently, the 
prbit approaches nearer to a circle. The moon, in her 
revolution round the earth, would always describe the 
I same ellipsis, were that revolution undisturbed by the 
. action of the sun ; the principal axis of her orbit would 
f remain at rest, and be always of the same quantity ; her 
i periodic times would all be equal, and the inclination of 
her orbit to the ecliptic and the place of her nodes 
' would be invariable : but her motions being disturbed 
by the actioh of the sun, they become subject to so ma- 
ny irregularities, that to calculate the moon's place truly, 
and to establish the elements of her theory, are almost 
insuperable diflSicuUies. 

^ The orbit of the moon is inclined to the ecliptic in an 
angle, which is variable.from 5^ to 5^ 18% consequently, 
it is inclined in an angl^ of 5^ 9' at a medium. The mo- 



ealy bodies) was a month : anil, after the length of the year was dis- 
covered, the ecliptic, and all other circles, were divided into 360 equi^ 
.parts, called degrees, because SO d. X 1^=360 days, the length of the 
year. Hist of Astr. p. 44. In an account of the Pelew Islands, w^ are 
told that the inhabitants reckoned their time by months^ an(t not by 
years : for, . when the King entrusted his son .tp the care of Captain 
Wilson, he inquired how many moons wonl4 . eji^e before he might 
pectthe return of his son. The inhabil^Bi|)iu of these islands were 
lUy ignoraiif of t^e artk and scicnoes* 



THE SOZi AR SYSTEM. 1 34 

lion of the moon's nodes, or places wbere her orbit cross- 
es the orbit of the earth, is westward, or contrary to 
the order of the signs : this motion is likewise irregular, 
bat by comparing together a great number of distant 
observations, the mean, annilal retrograde motion is 
found to be about 19^ IW 44'% so that the nodes make a 
complete retrograde revolution from any point of the 
ecliptic to the same again in about 18 years 228 days 9 
hours. The axis of the moon is almost perpendicular 
to the plane of the ecliptic, the angle being 88° 17', con- 
sequently, she has little or no diversity of seasons. The 
moon turns round her axis, from the sunlto the sun again, 
in 29 days 12 hours 44 minutes 3 seconds, which is ex- 
actly the time that she takes to go round her orbit from 
new moon to new moon ; she, therefore^ has constant- 
ly the same side turned towards the earth. This, how- 
ever, fs subject to a small variation, called the libration* 
of the moon, so that she sometimes turns a little more of 
the one side of her face towards the earth, and sometimes 
a little more of the other, arising from her uniform mo- 
tion on her axis, and unequal motion of her orbit ; this 
is called her libration in longitude. The moon likewise 
appears to have a kind of vacillating motion, which pre- 
sents to our view sometimes more, and sometimes less 
of the spots on her surface towards each pole ; this 
arises from the axis of the moon making an angle of a- 
bout 1° 43' with a perpendicular to the plane of the 
eeliptic ; and, as this axis maintains its parallelism dur- 
ing the moon's revolution round the earth, it must neces- 
sarily change its situation to an observer on the earth { 
this is called the moon's* libration in latitude. 

While the moon revolves round the earth in an ellip- 
tical orbit, she likewise accompanies the earth in its ellip- 
tical orbit round the sun ; by this compound motion her 
path is every where concave towards the sun.f 



* A lunar globe was publifihed a few years ago by Mr. Russel, which 
shows, not op ly the l|)>rBtJon of the qioon in the most perfect manner, 
bat is a complete pictare of the mountains, pits, and shades, on her sur- 
face. 

t See M. Maclaurin's account of Sir Isaac Newton's discoveriet, 
book iv. chap. 5 ; Howe's Fluxions, second edition, pa|^ 2^ ; Fergu- 
son^s Astronomy, optavo edition, article 266 ; or a treatise on AstroiMv 
my, by Br. Olinthas Gregory, article 458. 
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The mooiii like the planetB, is an opaque bodjr, and 
ahines entirely, by light received from the suo, a portion 
of which is reflected to the earth. As the sun can on- 
ly enlighten one half of a spherical.surface at once, it fol- 
lows that, according to the situation of an observer, with 
respect to the illuminated part of the moon, he will see 
more or less of the light reflected from her surface.^l^ At 
the conjunction, or time of new moon, the moon is be- 
tween the earth and the sun, and, consequently, that 
side of the moon which is never seen from the earth is 
enlightened by the sun ; and that side which is con- 
stantly turned fbwards the earth is wholly in darkness.^ 
Now,^ as the moon in her orbit exceeds the apparent 
motion of the sun by about 12^ 11' in a day,f it rollowg 
that, about four days after the new moon, she will be 
seen in the evening a little to the east of the sun, after he 
kas descended below the western part of the hbrizon. 
A spectator will see the convex part of the moon to- 
wards the west, and the horns or cusps towards the east ; 
or, if the observer live in north latitude, as he looks at 
the moon the horns will appear to the left hand ; for, if 
the line joining the cusps of the moon be bisected by ft 
perpendicular passing through the enlightened part of 
the moon, that perpendicular will point directly to the 
•nn. As the moon continues her motbn eastward, a 
greater portion of her surface towards the earth be^ 
cdmes enlightened ; and when she is 90 degrees east- 
ward, of the sun, which will happen about 7^ days 
from the time of new moon, she will come to the meridi- 
an about 6 o'clock in the evening, having the appear- 
ance of a bright semi-circle ; advancing still to the east- 
ward, she becomes more enUgbtened towards the earth, 
and at the end of about 14^days, she will come to the 
meridian at midnight, being diametrically opposite to 
the sun ; and, consequently, she appears a complete 
circle, or, it is said to be full moon. The earth is now 
between the sun and the moon, and that half of her sur- 
face which is constantly turned towards the earth, is 
wholly illuminated by the direct rays of .the sun : whilst 



* Bxeept the light whieh is rdlected upon ftfrom the eertb, wbidi 
^ cannot perceiTe. 
t See the note page T4« 
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that lialf of her surface which is never seen from the 
earth is involved in darkness* The moon continuing 
her progress eastward, she beconies deficient on her 
western edge,, and about 7-| days from the full moon sho. 
is again withjn dO degrees of the« sun, and appears a 
semi-circle with the convex side turniUl towards the sun i 
Dsoving on still eastward, the deficiency on her western 
edge becomes greater, and she appears a crescent, with 
the convex side turned towards the east, and her cusps 
Of horns turned towards the west; and about 14| days 
from the full moon she has again overtaken the sun, this 
period being performed in 29 days 12 hours 44 minotea 
d seconds, as has been observed before. Hence, from 
the new moon to the full moon, the phases are horned, 
half moon, and gibbous ; and, as the convex or weli-de* 
fined side of the moon is always turned towards the soOt 
the hoAs or irregular side, will appear to the east, or to- 
wards the left hand of a spectator in north latitude* 
From the full moon to the change, the phases are gib- 
bous, half moon, and horned, the convex or well-defined 
side of hei: face will appear to the .east, and her horns 
or irregular side towards the west, or to the right hand 
of a spectator. 

As the full moon always happens when the moon is di- 
rectly opposite to the sun, all the full moons, in our win- 
ter, happen when the moon is on the north side of the 
equinoctial. The moon, while she passes from Aries to 
Libra, will be visible at the north pole, and invisible dur- 
lag her progress from Libra to Aries ; consequently, at 
the north pole, there ia a fortnight's moonlight and a 
fortnight's darkness by turns. The same phenomena 
will happen at the sonth pole during the suits absence, 
in our summer. If the earth, the moon, and the sun, 
were all in the same plane, there would be an eclipse of 
the sun at every new moon (for then the moon is between 
the earth and the sun,) and there would be an eclipse of 
the moon at every full moon, at which time the earth ia 
between the sun and the moon. But as the orbit of the 
moon crosses the orbit of the earth or ecliptic in two op- 
posite points, called (he nodes ; it is evident that the 
moon is never in the ecliptic except when she is in one 
of these nodes ; an eclipse, therefore, can never happen 
unless the moon be in or near one of these nodes, at all 



136 THE 60LAB SYSTEM. 

other times she is either above or beloir the orbit of the 
earth ; and though the moon crosses each of these nodes 
every month, yet if there should not be a new or full 
moon» at'or near the timei there will be no eclipse. (See 
more of this spbjeet in a succeeding chapter*) The in* . 
fluence of the mooD upon the waters of the ocean has al- 
ready been explained ; and the nature of the harvest- 
moon will be shown amongst the problems of the globes. 
The moon's greatest horizontal parallax is 6V 32'% 
the least 54' 4'^. consequently the mean horizontal par** 
allax is^ 57^ 4^'' ; and her mean distance from the earth 
23684rf miles. The apparent diameter of the moon is 
variable according to her distance from the earth ; her 
mean apparent diameter is stated to be 31' 7'' ;j: hence, 
her real diameter is 2144 miles,} and her magnitude 
about 7^^ of the magnitude of the earth. The moon per- 
forms her revolution round the earth in 27 days^ hours 
43 minutes 5 seconds, as has beenobserved before, con- 
sequently she travels at the rate of ||2270 miles per hour 



• Dr. Hutton's Hathem^ical Diet, word PardlaXv 
t As in the note page 6^. 

Sine of the angle PSO 65' 48" ... • 8.2456555 
IstosemiJiam. of the earth PO . . . O.OOOOOOO 
Ab radius sine of SOosssine OPS . . . lOuXXKXm 
Into 59.47958 semi diameters .... 1.7745665 
Hence, 59.47958 X 5882ss:i256846.89 miles, distanee of the moon from 
the earth. 
% Vince's Astronomy. 

( As in the preceding notes say, inversely, 59.47958 semi-diameters: 
51' 7" : : 25882.84 sem. : 4" .6497, the apparent diameter of the moon 
at a distance from the earth equal to that of the sun; hence, 52' 2^ : 
886149 : : 4^.6497:2145.8 miles the diameter of the moon. Or, by 
trigonootttry, the angle mOn^ (Plate IV. Pig. S.}==5i' V\ henee, 

1 800— 51' 7// 
O mn =s— — c=89«> 59' 44" 26i"' 

Sine of 890 39/ 44", &c. » (sine of 90 nearly) , . . IOjOOOOOOO 

Is to 59.47938 semi-diameters « . . 1.7745665 

Assine5l'7" • . 7.9567510 

Is to .55859 semi'diameters of the earth . . , . . 1.7510975 
And .55859 X 5982^=2145.86, &c , miles the diameter of the moon. See 
the notes pages 124, 155. If the cube of the earth's diameter be divided 
by the cube of the moon's diameter, the quotient will be 51.2 ; hence, 
the magnitude of the earth is upwards of fifty times that of the moon. 

II For, by the note page 128 ; 115 : 355 : : 256846.9 X 2 •• 1488155.09 
miles circumference of the moon's orbit ; then 27 d. 7 L 45 m. 5 sec. : 
1488155.09 m. : : 1 h. : 2269^ mUes. 
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round the earth, besides attending the earth !n its annu- 
al journej round the sun. 

)^ The surface of the moon is greatly diversified with 
inequalities, which through a telescope have the ap- 
pearance of hills and valleys. Astronomers have drawn 
the face of the moon as viewed through a telescope, dis- 
tinguishing the dark and shining parts by their proper 
shades and figures. Each of the spots on the moon 
has been marked by a numerical figure, serving as a re- 
ference to the proper name of the particular spot which 
it represents ;^ as Herschel's volcano ; 1, Orimaldi; 2, 
Galileo, &c. ; so that the several spots are named from 
the most noted astronomers, philosophers, and mathe- 
maticians. The best and most complete picture of the 
moon is that drawn on Mr. Russers lunar globe. 

Dr. Herschel informs us that, on the 19thof April, 
1787, he discovered three volcanoes in the dark part of 
the moon ; two of them appeared nearly extinct, the 
third exhibited an actual eruption of fire, or luminous 
matter. On the subsequent night it appeared to burn 
with greater violence, and might be computed to be a- 
bout three miles in diameter. The eruption resembled 
a piece of burning charcoal, covered by a thin coat of 
^ white ashes : all the adjacent parts of the volcanic moun- 
tain were faintly illuminated by the eruption, and were 
gradually more obscure at a greater distance from the 
crater. That the surface of the moon is indented with 
mountains and caverns, is evident from the irregularity 
of that part of her surface which is turned from the sun; 
for, if there were no parts of the moon higher than the 
rest, the light and dark parts of her disc, at the time of 
the quadratures would be terminated by a perfectly 
straight line ; and at all other times the termination 
would be an elliptical line, convex towards the enlight- 
ened part of the moon in the first and fourth quarters^ 
and concave in the second and third ; but, instead of 
these Knes being regular and well defined when the 
moon is viewed through a telescope, they appear notch-' 
ed and broken in innumerable places. It is rather fAvh 
gular that the edge of the moon, which is always turned 



* Tioce^g Astronomy. 
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towards the sun, is regular and irell defined, and at (he 
time of full moon no notches or indented parts are^seen 
on her surface. In all situations of the moon, the eleva- 
ted parts are constantly found to cast a triangular shad- 
ow with its vertex turned from the sun ; and, on the con- 
trary, the cavities are always dark on the side next the 
sun, and illuminated on the opposite side : these appear- 
ances are exactly conformable to what we observe of 
hills and valleys on the earth ; and even in the dark part 
of the moon's disc, near the borders of the lucid sur- 
face, some minute specks have been seen, apparently 
enlightened by the sun's rays; these shining spots are 
supposed to be the summits of high moontaiBs,*' which 
are illuminated by the sun, while the adjacent valleys 
nearer the enlightened part of the moon are entirely 
dark. 



* Supposittg this to be tbe faet, astronovien have determined the 
height of M)me of the luear mountaios. The method made ate of hy 
Riccioli (though it gives the true result only at the Ume of the quadra- 
tures) is here explained, because it is maeh more simple than the gene- 
ral method given by Dr. Herschel in the Philosophieu Transactions for 
1T80. Let ABB (Plate IV. Fig. 7.) be the disc or f^ce of the moon at 
the time of the Quadratures, ACBthe boundary of light and darkness; 
MO a mountain in tbe dark part, tbe summit ML of which is just begin- 
ning to be enlightened, by a ray of light SAM from the sun. Now, by 
means of a micrometer, the ratio of MA to AB may be determined; 



ning to be enlightened, by a ray of light SAM from the sun. Now, by 
means of a micrometer, the ratio of MA to AB mav be determined; 
9nd4s^CJs the half of AB, and MAC a right-angled triangle, by Ea- 

did 1 and 47th\/ AC>+ A M>sCM from which take CO-sAC, and 
the remainder MO, is the height of the mountain. BIccioli observed 
the illuminated part of the mountain St. Catharine, on the fbqrth day af- 
ter the new moon, to be distant from the illuminated part of the moon 
about one-nxteenth part of the moon's diameter, vis. M A«eone*^teenth 
of AB, or one-eighth of AC ; now, if we take the moon's diameter 2144 
miles, as we have before determined, the height of thismonntain will be 
SA miles ! Galileo makes MA ss1-20tfa of AB ; and Hevelius makea 
MA sst-26th of AB ; the former of these will give tbe height of the 
mountain 5^ miles, and the latter SyV ^^^ ^* Herschel thinks, 
**• That the heights of the lunar mountains are in general greatl;^ over- 
rated, and that the generality of them do not exceed half a mile in their 
perpendicular elevation.^ On the contrary, M. Schroeter, a learned 
astronomer of Laienthal^ in the duchy ef Bremen, says, that there ate 
mountaim in the moon much higher than any on the earth, an^ men- 
tions one above a thousand toises higher than Chimboraco in ^uth 
America. The same author has likewise lately published a new woric 
on the heights of the mountains of Venus, sope of which he makes up- 
wards of twenty-three thousand toises in height, which is above sevea 
times the heigfai of Chimboraco I 
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Wlietlier the moon has an atmosphere or not, is a 
question that has long been controverted by various as- 
tronomers ; some endeavour to prove that the moon has 
neither an atmosphere, seas, nor lakes ; while others 
eootend that she has all these in common with our earth, 
though her atmosphere is not so dense as ours. It can- 
not be expected in an introductory treatise, where gene- 
ral received truths only ought to be admitted, that we 
should enter into the ditcussbn of a controverted ques- 
tion ; however, it may be proper to inform the student, 
that the advocates for. an atmosphere, if we may be al- 
lowed to reason from analogy, have the advantage over 
those who contend that 'there is none. It is admitted on 
all hands, that the moon has mountains and valleys, like 
the earth, and appears nearly the same with respect to 
shape flmd the nature of her motions ; may we not then 
fairly infer that she is similar to the earth in other re- 
spects. 

V. OF MARS % . 

Mars appears of a dusky red colour, and though he is 
, sometimes apparently as large as Venus, he never shines 
with so brilliant a light. From the dulness and ruddy 
appearance of this planet, it is conjectured that he is 
enconqpassed with a thick cloudy atmosphere, through 
which the red rays of his light penetrate more easily than 
the other rays. This being the first planet without the 
orbit of the earth, he exhibits to the spectator different 
appearances to Metcury and Venus. He is sometimes 
in conjunction with the sun, like Mercury and Venus, 
but was never known to transit the sun's disc. Some- 
times he is directly opposite to the sun, that is, he comes 
to the meridian at midnight, or rises when the sun sets, 
and sets when the sun rises ; at this time he shines with 
the greatest lustre, being nearest to the earth. Mars« 
when viewed through a telescope, appears sometimes 
full and round, at others, gibbous, but never horned. 
The foregoing appearances clearly shew, that Mars 
moves in an orbit more distant from the sun than that of 
the earth. The apparent motion of this planet, like that 
of Mercury and Venus, is sometimes direct, or from east 
to west ; at others retrogradci or from west to east; and 
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sometimeB he appears stationary. Sometimes he riaev 
before the sun, and is seen in the morning ; at others he 
sets after the sun, and of course is seen in the evening* 
Mars revolves on his axis in 24 hours 39 minutes 22 sec- 
onds ; and his polar diameter is to his equatorial diameter 
as 15 to 16, according to Dr. Herschei; but Dr. Mask" 
elyne, who carefully observed this planet at the time of 
opposition, could perceive no difference between hisax- 
es. The inclination of the orbit of Mars to the plane of 
the ecliptic is 1^ 51' ; the place of his ascending node a* 
bout 18^ in Taurus;^ his horizontal parallax is said to be 
23" 6 : he performs his revolution round the sun in 686 
days 23 hours 15 minutes 44 seconds ; and his apparent 
semi-diameter, at his nearest distance from the earth, is 
25^^ ; consequently his mean distance from the sun ia 
144907630f miles ; his diameter 4318 miles ; and hia 
magnitude a little more than l^lh of that of the earth. ij; 
This planet travels round the sun at the rate of 55223 
miles per hour ;§ and the parallax of the earth's annual 



* The longitude of the ascending node of Man for the beginning of 
the year 1T50 was IT** d8' d8'' in Taurus, and its TariaUon in lOQ yean 
U 46' 40". Vince's Aitroaomy. 

t For. 686 days ^ hours 15 min. 44 8ec.=59d54144 seconds, the 
square of which is 35^291440997^36, this divided by 9$5839704797184 
the seconds in a year (see the note page 1^7) gives S.5d76S2« the 
cuhe root of which is 1.523716, the relative diidance of Mars from the 
sun. HenGea^^3716 X 23882.84=F=3.6390.6654distance of Mars from the 
^unin semi-diam. ofthe earth, and 36390.6654X3982=31449076^.6 
miles the mean distance of Mars from the sun. Now, if the horisontal 
IMtrallax of Mars at the time of opposition be ^' S as stated by M. do 
la Caille, we have (see Plate IV. Fig. 6 ) 

Sine PSO=8ine 23'' .6 6.0583927 

Is to PO =?s one semi^ameter - - - 00000000 

As radius sine of 9Q^ 10-OOOOOOQ 

l8toSO?=874t.93semHiam* - • t 39416073 
Hence, the distance of Mars from the earth at the time of opposition is 
8741 93 of the earth's semi- diameters; 8741.93 : 25'^ : 23882.84 : 9^' .15 
the apparent diameter of Mars if seen from the earth at a distanoe.equal 
Ihat of the sun ; then 32' 2'': 886149 : : 9'' .15 : 4218 miles the diam6* 
terof Mars. 

i The cube of 7964, the diameter of the earth, is 505119057344: 
and the cube of A218, the diameter of Mars is 75044648232; the quo- 
tient produce^ by dividing the former by the latter, is 6.73. viz. the 
magnitude of the, earth is nearly seven times that of Mars. 

For, llii: 355 : : 144907630 X 2: 910481569 miles the circumfer- 
ence of the orbit of Mars, and 686 days 23 h. 15 m. 44 sec. ; 910481569 
fp.: :lh.: 55223 mUes. 
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orbit, as seen from Mans, is dboat 41 degrees. As the 
distances of the interior planets from the sun are found 
by their elongations, so the distances .of the exterior 
planets maj be found by the parallax of the earth's an- 
nual orbit.^ 

YL OF THE NEW PLANETS, CERES, PALLAS, JUNO, AND 

VESTA. 

1. On the first of January 1801, M . Piazzi, Astrono- 
mer Royal at Palermo, in the island of Sicily, discover- 
ed a new planet between the orbits of Mars and Jupiter 
(generally called Ceres Ferdinandia, from the island in 
which it was discovered, and Ferdinand IV. King of the 
Two Sicilies.) The elements of the theory of this plan- 
et are at present very imperfectly known : it appears like 
a star of the eighth magnitude (consequeqtly it is invisi- 
ble to (he naked eye,) its distance from the sun ib said 
to be about 2^ times that of the earth, and its periodical 
revolutions nearly four years and eight months. This 
planet, called by some astronomers an asteroid, is not 
confined within the ancient limits of the zodiac. Its di- 
ameter, according to Dr. Herschel, is about 162 miles. 

2. On the 28th of March 1802, Dr. Olbers of Bre- 
men, while examining sokne of the stars near the new 
discovered planet, Ceres Ferdinandia, perceived a star 
of the seventh magnitude, situated near the northern 
wing of the constellation Virgo, which had the appear- 
ance of a planet. By continuing his observations, he 



• In Plate lY. Fig. 8. let S represent the sun, E the earth, and M 
Mars ; now, as the earth moves quicker in its orbit than Mars, the 

?lanet Mars will appear to go backward when the earth passes it. 
'hue, when the earth is at E, Mars will appear among the fixed start 
j^t m ; but as the earth passes from £ to e. Mars will appear to go from 
m to n, though he is in reality travelling the same way as the earth 
from M to O The place m where Mars is seen from the earth among 
the fixed stars, is called his Geocentric place, but the place P, where he 
would be seen from the sun, is. called his Heliocentric place, and the 
arc mP, which is the difference between his apparent and true place, ii 
called the Parallax of the earth's annual orbit Now as this angle may 
he determined from observation, and is known to be about 41° ; in the 
right angled triangle SEM. we have given A£=:Sd8BOi semi»diame« 
ters, the distance of the earth from the sun, the angle SME measured 
hv the arc m P —il"*, io find SM==3640S.49 semi-diameters of the earth, 
the distance of Mars firom the sup. 
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800D discovered it tabe a new planet, to whicli be gave 
tbe name o( Pallas. As the theory of the various phe- 
nomena oi this plapet is less known even than that of 
Ceres Ferdioandiay the accounts of its magnitude^ dis- 
tance, and the time of its periodical revolution round the 
sun, must be very imperfect. Its distance from the sun, 
and the time of its revolution, are stated to be nearly the 
same as those of Ceres Ferdinandia, and its diameter a* 
bout 95 miles. 

3. On the 1st of September 1804, Mr. Harding, of 
Lilienthal in the duchy of Bremen, discovered the plan- 
et Juno. It appears like a star of the eighth magni- 
tude : the Planets or Asteroids, Ceres, Pallas, and Juno, 
are all so nearly at equal distances from tbe sun, that it 
is not yet decided with certainty, which of the three is 
nearest, or the most remote* 

4. On the 29th of March 180r, at 21 m. past 8. mean 
time, Dr. Olbers discovered a fourth new planet called 
Vesta; its right ascension at that time was 184^ 8* and 
its declination 1 1° 4r N. It is apparently about the 
jpame distance from the sun as the three already men- 
jtion/ed. In size it appears like a star of the fifth magni- 
tude* 

YQ. OF JUPITER ^, AND HIS SATELLITES, ke. 

Jupiter is the largest of all the' planets, and, notwith- 
standing his great distance from the sun and the earth, 
be appears to. the naked eye almost as large as Venus, 
though his light is something less brilliant. Jupiter, 
prhen in opposition to the sun (that is, when he comes to 
the meridian, at mid-night, or rises when the sun sets, 
and sets when the sun rises,) is much nearer to the earth 
than be is a. kittle before and after his Conjunction with 
Hxe siiQ ; hence, at the time of opposition, he appears lar- 
ger and more luminous than at other times. When the 
fengttude of Jupiter is less than that of the sun, he will 
be a morning st^r, and appear in the east before the sui) 
rises, but when his Ipngitude is greater than the sun'ii 
longitude, he will be jin evening stiir, and appear in the 
west after the sun sets. Jupiter fevolves on his axis in 9 
hours 56 minutes, which is the length of his day ; but as 
bis axis is nearly perpendicular to the jdape of bis orbit. 
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he has no diyersitj of seasoos. Jupiter is surroaoded 
by faipt subatances, called zones or belts ; which from 
their frequeoC changes in number and situation, are geth 
eralij supposed to consist of clouds. One or more dark 
spols frequently appear between the belts ; and when a 
belt disappearsi the contiguous spots disappear likewise. 
The time of the rotation of the different spots is yariap 
ble, being less by six minutes near the equator than near 
the poles. Dr. Herschel has determined, that not only 
the times of rotation of the different spots vary, but that 
the time of rotation of the same spot (oetween the 25th 
of February iTrs and the 12thof April) varied from 
9 hours d5 minutes 20 seconds, to 9 hours 51 minutes 35 
seconds. 

The inclination of the orbit of Jupiter to the plane of 
the ecliptic is 1^ 18' 50'' ; the place of his ascending 
node about 8 degrees in Cancer ;^ and be performs hSs 
revolution round the sun in 4330 days 14 h. 27. m. 11 
sec. moving at the rate of 29894 miles per hour, his 
mean distance from the sun being 494499 108 miles. f Ju- 
|»tei^ at his mean distance from the earth, at the time of 
opposition, subtends an angle of 46'% hence, his real di- 
ameter is 89069;]: miles ; and his magnitude 1400 times 
that of the earth.|| The light and heat which Jupiter 



* The i4aGe of JapiteHfl sscendiag node for the begiBning of the year 
1750 wa0 70 55' $W' in Cancer, and its varUtioir in lOOyenn itSIK flCT. 
Vince'8 Astronomy. 

t For 4daO dayi 14 horn 27 minntei 11 Moondf, »974t64aSl tee- 
ondB, the square of which in 189978722094168961, this ^vided by 995S 
59704797184, the square of the seconds in a year (see the note page 127) 
gives 140.5855913, the cube root of wliicb is 5.1997, the relative dis- 
tance of Jupiter from the sun. Hence, 23882.84 X 5ri997sl241 83.6^ 
3148 disUnce of Jupiter from the sun in semi-dianieten of the earth ; 
suid 124183.603148 X d982»49U99107.7 miles, U|e mean distance of 
Jupiter from the sun. 

Now, (by the note page 128) 113 : 355 : : 49U99107.7 X 2 : 310702 
9791 miles, the circumference of the orbit of Jupiter, and 4330 d^ 14 li. 
27 m. 11 sec. : 3107029791 : : 1 h. : 29894 mUes. 

1 494499108—95101468 miles the distance of the esurth from ih» sdd« 
aa899397640 distonce of the earth from Jupiter. Now, by the nde of 
three inversely, 399397640 : 46'' : : 95101468 : 193^' .1862, the appar- 
ent diameter of Jupiter at a distance from the earth equal to Chat of 
the suD. Henoe, (as in the note page 128) 32' 2'^* 886149 : : 193'' SZ 
€2 : 89069.5 mlks, the diameter of Jupiter. 

I For, if the cube of the diameter of Jupiter be divided by the cub* 
of the diaoMter of the earth, the qootieni will be t398.9a^i400 nearly. 
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recetires from the son is about ^^ of the light and heat 
which the earth receives^* 

Oo account of the great magnitude of Jupiter, and 
his quick revolution on his axis^ he is considerably more 
flatted at the poles than the earth is. The ratio between 
his polar and equatorial diameters has been differently 
stated by different astronomers ; Dr. Pound makes it as 
12 to 13; Mr. Short as 13 to 14 ; Dr. Bradley as 12| to 
13|; and Sir Isaac Newton (by theory) as 9^ to 10^. 

Of the Satellites of Jupiter. 

Jupiter is attended by four satellites or moons, each 
of which revolves round him in a manner similar to that 
of the moon round the earth. The times of their peri- 
odical revolutions round Jupiter, and their respective 
distances from his centre, are given in the following ta- 
ble.t 







Distance from 


Distance from 




Periodical revolution. 


Jupiter in aemi- 


Jupiter Ip^Bq- 
glisii miles. " 






diameters. 




d. h. m. sec. 






I. 


1 . 18 . 27 . 33 


5.67 


252511 


II. 


3 . 13 . 13 . 42 


9.00 


400810 


III. 


7 . 3 . 42 . 33 


14.38 


640406 


IV. 


16 . 16 . 32 . 08 


25.30 


1126723 



The satellites of Jupiter are invisible to the naked 
eye ; they were first discovered by Galileo, the invent- 



* If the square of the mean distance of Jupiter from the sun be divK 
ded by the square of the mean distance of the earth from the sua, the 
quotient will be 27. 

t The second and third columns in the above table are copied from 
M. de la Lande, and the fourth is found by multi plying the mimber* 
in the third column by 44534.5 being the half of 89069, Uie diameter of 
Jupiter. The diMances of the satellites flrom the centre of Jupiter may 
be found at the time of their greatest elongations, by measuring their 
distances from the centre of Jupiter, and also the diameter of Jupiter, 
with a micrometer. Then say, as the apparent diameter of Jupiter (by 
the micrometer) is tp his real diameter, so is the apparent distancH of 
the satellite to its real distance. Or, having determined the perii>dical 
times of the satellites, aud the distance of one of them from the sun, the 
distances of aU the rest may be found by Kepler's rule, as in page 127. 
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or of telescopeii, in the year 1610. This was an important 
discoyer J ; tor as these satellites revolTe round Jupiter 
in the same direction which Jupiter revolves round the 
sun, they are frequentij eclipsed by his shadow, and af- 
ford an excellent method of finding the true longitudes 
of places on the land. To these eclipses we likewise 
owe the discovery of the progressive motion of light, and 
hence, the aberration of the fi&ed stars. 

The satellites of Jupiter do not revolve round him in 
the same plane, neither are their nodes in the same 
place. These satellites appear of different magnitudes 
and brightness; the fourth generally appears the smallest, 
but sometimes the largest, and the apparent diameter of 
its shadow on Jupiter is sometimes greater than the sa* 
tellite. M. Cassini and Mr. Pound supposed that the 
satellites of Jupiter revolve on their axes ; and Dr. Her- 
schel has discovered, that they revolve about their axes 
in the time in which they respectivelj^Volve about Ju- 
piter* 

The first :satellite is the most important of the four, 
from its numerous eclipses. The times of the eclipses 
of the satellites of Jupiter are calculated, for the meri- 
dian of Greenwich, and inserted in the dd pi^e of the 
Nautical Almanac for every month, and their configura- 
tions or appearances with respect to Jupiter, are inserts 
ed in page 12. As the earth turns on its axis from west 
.to east at the rate of 15 degrees in an hour, or one de^ 
gree in four minutes of time, a person, one degree west- 
ward of Greenwich, will observe the emersion or immer-? 
sion of any one of the satellites of Jupiter four minutes 
later than the time mentioned in the Nautical Almanac ; 
and, if he be on^ degree eastward of Greenwich, the e« 
clipse will happen four minutes sooner at his place of 
observation than at Greenwich. These eclipses must be 
observed with a good telescope anil' a pendulum clock 
which beats seconds or half seconds. 

The configurations of the satellites of Jupiter at nine 
o* clock at night, in the month of March, and in the year 
1813, are given in the 12th page of the Nautical Alma** 
nac as in the following page ; an explanation of which 
will render the 12th pageof th^t work intelligible to « 
young stfident for any Qtber year and month* 

21 
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On the tenth day of the month, given above, die first 
satellite is eclipsed at nine at ni^ht ; the second, third 
and fourth satellites are on the left hand of Jupiter, and 
in north latitude. When a satellite has north latitude, 
that is, when it is above the orbit of Jupiter, it is mark- 
ed with a point on the left hand as .4 .3 .2. 

On the eleventh day of the month, at the same hour, 
the first and fourth satellites are on the right hand of Ju- 
piter, and in north latitude, the second and third are al- 
so on the right hand, and in conjunction, or appear as 
one^ 

On the twelfth day, the second satellite will be eclip* 
sed, the first will be on the left hand, in south latitude ; 
and the third and fourth on the right hand, in conjunc- 
tion. 

When a satellite has south latitude, that is, when it is 
)m1ow the orbit of Jupiter, it is marked with a point on 
the right hand, as 1., 3., 4., &c. 

On the eighteenth day, the first sateiltte will appear 
like a bright spot on the disc of Jupiter ; the second and 
tfiird will be on the right hand^in north latitude, and the 
fourth on the right hand in south latitude* 

On the nineteenth day, the second and fourth satel- 
lites will be eclipsed ; the first satellite will appear on the 
left hand in south latitude, and the third oif the riglit 
hand ia north latitude* 
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Bj obaenrfttions on the satellUes of Jupiter tbe pro* 
tteasiye motioD of light was diflcovered ; for it has been 
loaod by repeated experimeoU, that when the earth is 
exactly between Jupiter and the buiI| the ecbpses of Ju- 
piter^B sateilitea are seen 8| minutes sooner than the 
time predicted, by calculating from astrooomical tables» 
truly cttttstructed ; and when the earth is nearly in the 
opposite point of its oifait, these eclipses happen about 
8^ minutes later than the time predicted ; hence, it is in- 
ferred, that light takes up about 16^ minutes of time to 
pass oyer a space equal to the diameter of the earth's an- 
nual orbit, which is 190 ouUions of miles, or double the 
distance vt the earth from the sun : for if the etfects oC 
light were instantaneous, the eclipses of the satellites 
would, in all situations of the earth in its orbit, happen 
exactly at the tim^ predicted by calculation. 

nn. OF SATURN ]{ ,HIS SATELLITES AUDRINO. 

Saturn shinei with a pale, feeble light, being the faf^^ 
thest from the sun of any of the planets that are yisible 
without a telescope. This planet when viewed throuf^ 
a good telescope, always engages the attention of tho 
young astronomer by the singularity of its appearance* 
It is surrounded by an interior and exterior ring, beyond 
which are seyen satellites or moons, all, except one, in 
the same plane with the rings. These rings and satel- 
lites are aJl opaque and dense bodies, like that of Sn* 
turn, and shine only by the light which they receiye 
from the sun. The disc of Saturn is likewise crossed 
by obscure aones or belts, like those of Jupiter, which 
yary in.their figure according to the direction of the 
rings. Saturn performs his reyolntion round the sun in 
10759 days 1 hour 51 minutes 11 seconds ; hence, his 
mean distance from the sun is 907089032 miles ;* and 
his progressiye motion in his orbit is 22072 mites per 
hour. 



* For 10759 d. 1. 51 m. 11 flee..p:919584^i Beconds. the squsie qi 
mhMh is 8641^9tSft90601441, ibis divided by 995839704797184, tba 
square of the seconds in a year (see the note psga ttT) glvsf I^T.Iifjl 
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Tte inclinatien of the orbit of Saturn to the plane of 
the ecliptic it said to be 2^29' 50'%aod the place of hit 
ascending node about 21 degrees in Cancer.^ 

Saturn at his mean distance from the earth; subtends 
an angle of 20'^ ; hence, his real diameter is 78730f miles, 
and his magnitude 966| times that of the earth. The 
light and heat which this planet receives from the sun is 
about y^ part of the light and heat which the earth re- 
ceiyes.} 

According to Dr. Herschel, Saturn revolves on his 
axis from west to east in 10 hours 16 minutes 2 seconds, 
and this axis is perpendicular to the plane of his ring* 
The equatorial diameter of Saturn, viz. the diameter in 
the direction of the ring, is to the polar diameter, viz.. 
the axis, as 11 to 10. 

OF l^E SATELUTES OF SATURN. 

Saturn is attended bj seven moons : the fourth wan 
discovered by Huygens, a Dutch Mathematician, in the 
year 1655. The first, second, third, and fifth, were dis- 
covered at different times, between the years 1671 and 
1685, by Cassini, a celebrated Italian astronomer. The 
sixth and seventh satellites were discovered by Dr. 
Herschel in the years 1787 and 1789. The two satel- 



58 the eube root of which it 9.558118, the relative dlistaBee of Saturn 
from the sun. Hence, 23882^4 x ^•558n8:«£2T79734609512, dit- 
tance of Satom from the san in semi-diameten of the earth ; and 22779T 
•5460!)512 X^^^^^^^'^^^^^'^5 miles, the mean distance of batarn 
from the sup. US : SS5 : : 90708908S X 2 : 5S9940896S.12d8 Biles, 
circumference of the orhit of Saturn. Then, 

10759 d. 1 h. 55 m. 11 sec. : 5699408962 miles : ; 1 h. : 22072 mHc^ 
which Saturn moves per hour In his orbit. 

* 'The place of Saturn's ascending node for the beginning of the year 
irSO, was 21« 3Sf ^" in Cancer, and its variation In 100 years is 57 
SO". Vince's Astronomv. 

t 907989092—95101168 mfles, the distance of the earth from the sun, 
5=811987564 milei, distance of the earth from Jupiter. JNbw, inversely, 
611987564: SO'^ : 95101468 : 170" .762, the apparent diameter of Sa- 
turn at a distance from the earth equal to thatof^Vsun (by the note 
page 128 ;) Sff 2" : 886149 : : 170" .762 : 78750 miles, the diameter of 
Saturn. 

% Found by dividing the cube of the diameter ofSotani, by the cube 
of the diameter of the earth. 

4 Found by dividing the square of the mean distance of Saturn fipom 
the nm, by Vb» square of the earth's meaa distance firom the sua. 
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lites discovered by Dr. Herscfaerare nearer to Saturn 
than the other five, and therefore, should be called the 
first and second ; but to distinguish them from the other 
satellites, and to prevent confusion in referring to former 
observations, they are called the sixth and seventh 8a« 
tellites. The seventh satellite, which is nearest to Sa* 
turn, was discovered a short time after the sixth. In 
'the following table, the satellites are arranged according 
to their respective distances from Saturn, and the Roman 
figures in the left hand column show the number of th« 
satellite. The figures between the parentheses show 
the order in which they ought to be numbered* 
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The first, second, third, and fourth satellites, as well 
as the sixth and seventh, are all nearly in the same plane 
with Saturn's ring, and are inclined to the orbit of Sa- 
turn in an angle of about 30 degrees ; but the orbit of 
the fifth satellite is said to make an angle of 15 degrees 
with the plane of Saturn's ring. Sir Isaac Newton con* 
jectured^ that the fifth satellite of Saturn revolved 
round its axis, in the same time that it revolved round 
Saturn ; and the truth of his opinion has been verified by 
the observations of Dr. Herschel. 

OF SATURN'S RING. 

The ring of Saturn b a thin, broad, and opaque cir'* 
cular arch, surrounding the body of the planet without 
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toaching it^ like the wooden horizon of an artificial globe. 
If the eqaator of the artificial globe be made to coincide 
with the horizon, and the globe be turned mi its axis 
firom west to east, its motion will represent that of Sa- 
tnm on its axisi and the wooden horizon will represent 
the ring, especially if it be snpposed a little more die* 
fant from the globe. The ring of 9ativn was first dis- 
covered bj Hujgens ; and when yiewed throngh a good 
telescope, appears double. Dr. Herschel sajs, that 
Saturn is encompassed bj two concentric rings, of 4he 
following dimensions. 

MH«f. 
Inner diameter of the smaller ring • - 1 46345 
Outside diameter of ditto -» . - 184393 

Inner diameter of the larger ring • - 190248 
Outside diameter of ditto - - - 204883 

Breadth of the inner ring - • - 20000 

Breadth of -the outer ring • - - 7200 

Breadth of the vacant space, or dark zone between 

the rings - - - - - 2839 

The ring of Saturn revolves round the axis of Saturn, 
and in a plane coincident with the plane of his equator^ 
in 10 hours 32 min. 15. 4 sec. The ring being a circle, 
appears elliptical, from its oblique position 2 and it ap- 
pears most open whefr Saturn's longitude is about 2 
signs 18 degrees, or 8 signs 17 degrees. There have 
been various conjectures relative to the nature and pro- 
perties of this ring. 

n. OF THS GEOBGIUM SIDXJS, OR HEBSCHEL W , AND 
HI6 SATELLITES/ 

The Georgian ■ is the remotest of all the known planets 
belonging to the solar system ; it wai^ discovered at Bath 
by Dr. Herschel on the 13th of March, 1781. This 
planet is called by the English the Oeorgium Sidns, or 
Georgian, a name by which it is distinguished in the 
Nautical Almaoac. It is frequently called by foreign- 
ers, Herschel, in honour of the discoverer. The royal 
academy of Prussia, and some others, called it Ouranus, 
because the other planets are named from such heathen 
deities as were rdatives ; thus> Ouranus was the father 
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of Satarn, Satarn ike fatber of Jupher, Jupiter the fath* 
cr of Mare, &c. This planet, when viewed through a tel- 
escope pf a small magnifying power, appears like a star 
of between the 6th and 7th magnitade. In a very fine 
clear night, in the absence of the moon, it may be per- 
ceived by a good eye, without a telescope. Though the 
Georgium Sidus was not known to be a planet till the 
lime of Dr. Herschel, yet astronomers generally believe 
that it hto been seen long before his time, and consider- 
ed as a fixed star.^ 

In so recent a discovery of a planet at such an im- 
mense distance, the theory of its magnitude, motion, &Ct 
must be in some degree imperfect. Its periodical revo- 
lution round the sun is said to be performed in 304454 
days, or upwards of 83 years: the ratio pf its diame- 
ter to that <tf the|earth, is as 4.32 to 1 ; consequently, its 
magnitude is upwards of eighty times that of the earthi 
If the periodical revolution of the Georgian, as above, 
be truly ascertained, its distance from the sun may be 
determined by Kepler's rule, as for the other planets. 

The Georgian planet is attended by six satellites; 
their periodical revolutions and times of discoverv are 
as follow; ^^ 

d. fa. m. I. 
I. or nearest, revolves in 5 21 25 0, discovered in 17M« 
!'•--• B iri 19, discovered in 1787. 
W. - - - 10 23 4 0, discovered in 1798. 

IV. - . - 1311 5 1 J, discovered in 1787. 

V. - - - 38 1 49 0, discovered in 1798. 

VI. • - - 107 16 40 0, discovered in 1798. 
All these satellites were discovered by Dr. Herachel* 

their orbits are said to be nearly perpendicular to the 
ecliptic, and what is more singular, thdy perform their 



* Acoordmg to F. de Zach's accoant of this planet, in the Memoira 
of the BnissePs Academy, 1785, there were then in the library of the 
Prinoe of Orange, four otMervations of this planet ooneiilered u a star 
in a catalogne of obeenrationfl writen by Tycho Brahe ; but, as Tycho 
wa» uit aequaioted with the nse of t^leneopea, some writen contend that 
be eoold neit aee It ; wUleotheri maintain that, as he has marked rtars 
which are not greater then thif planet, he might certainly have seen it. 
This planet was likewise seen by Professor Mayer of €^ottia«aa. in the 
year ir56, being the Hiik itJof hlawtajogui; ^^'^^i^' "» ^ 
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reToIutions round the Oeorgian planet in a retn^rade 
order^ viz* contrarj to the order of the signs. 



CHAP. 11. 

On the Nature of Comets ; the Elongations^ StationO' 
rtf and Retrograde appearances of the Planets ; of 
the Fixed Stars ; and the Eclipses of the iSun and 
Moon. 

I. ON COMETS. 

THOUGH the primary planets already described, 
and their satellites, are considered as the whole of the 
regalar bodies which form the solar system, yet.thatsys- 
ted is sometimes visited by other bodies, called comets^ 
which are supposed to move round the sun in elliptical 
orbits. These orbits are supposed to have the sun in 
one foci, like the planets ; and to be so very eccentric, 
that the comet becomes invisible when in that part of its 
orbit which is the farthest from the sun. It is extreme- 
ly difficult to determine the elliptic orbit of a comet, 
with any degree of accuracy, by calculation; for, if the 
orbit be very eccentric, a small error in the observation 
will change the computed orbit into a parabola or hy- 
perbola; and from the thickness and inequality of the 
atmosphere with which a comet is surrounded, telescop- 
ic observations on them are always liable to error. 
Hence, the theory of the orbits, motions, &c. of comets, 
is very imperfect; and though many volumes have 
been written on the subject,^ they are|chiefly|^ounded on 
conjecture. The unexpected aj^pearance of the comet 
in 1807, fully confirms the assertion, and will doubtless 
give rise to a variety of new calculations, and new hypo- 



* Tlie latest writingB on the subject of comets are M. Piogr^'s Cometo* 
graphie, in 2 vols. 4 to. and Sir Henry Englefield's work, entitled, "On 
the I>etemiination of the Orbito of Comets." A well written article 
on Comets inay be seen in Dr. Rees' New Cyclopedia, together with 
the elements of ninety-seven of them^ and the names of the authors whfli 
Juire jsalculaled their orbits. 
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the«e«i wUck like former ones, for want of suficient da- 
ta, ^mil disappoiat the expectations of succeeding «8treii* 
omers. Tke comets, Sir Isaac Newton^ observes, are 
compact, solid, and durable bodies, or a kind of planets 
which move in very oblique and eccentric orbits every 
way with the greatest freedom, and preserve their mo* 
ttons for an exceeding k>ng time, even where contrary 
to the course of the planets. Their tail is a very thin 
and slender vapour, emitted by the head or nucleus of 
the comet, ignited or heated by the sun. 

H. QW THE ^XONGATIONS, Ae. OF THE INTEBIOK 
PLANETS. 

TjetT, E, e, (Plate lY. Fig. 8.) represent the orbit of 
the earth ; a, w, v, x,/, g*, ft, the orbit of an interior plan- 
etf as Mercury or Venus, and S the sun. 

Let T represent the jpartfa, S the sun, and a Venus 
at the time 6f her inferior conjunction ; at this time she 
will disappear like the new moon, because her dark side 
will be turned towards the earth. While Venus moves 
from a towards w she appears to the westward of the 
sun, and becomes gradually more and more enlightened 
(baying all the different phases of the moon). When 
she arrives at v, her greatest elongation, she appears 
half enlightened, like the moon in her first quarter ; at 
this time she shines very bright.f From her inferior to 
her superior conjunction, viz. from her situation in that^ 
part of her orbit which is directly between (he earth and 
the sun, |ls at a, to her situation in that part of her orbit 
in which the sun is between her and the earth ( she risea 
before the sun in the morning, and is called a morning 
star. From her superior to her inferior conjunction she 
shines in the evening, after the sun sets, and is then cbIU 
ed an evening star. 

From the greatest elongation of Venus when westward 
of the sun, as at v, to her greatest elongation when east* 



* Many interesting particulars respecting the nature of comets, &e« 
may be learned by referring to the latter end of the third book of New* 
Umh Principia. 

t Venus gives th^ greatest quantity of light to |h^ eartli w|ien |»ep 
elongation is 99^ i^', Yince's Fluxions 

Z2 



wiid itf flie 8un» as at gr, ske wiU apf aar t« g^lofward 
in h^t arbtt, and describe Uia are V WHO anmigrt Ui« 
fised stars ; but froia^ to v sbe will apf^ear ratrogcadfe,^ 
or retttfB to the poioi Y in the haavens in tbs order OH 
Wy • For whaQ Venus is at/, sbo wiU ba saea amongal 
tba filled stars at H, and wbm at g sbe will appear at Os 
whea sbe arrives at fi she will agyiin appear at |l fai the 
beaTens* Elence» in a considerable part of her orbit 
between/ and hf and between w and x, she wiH appeal 
nearly in the same poiol amongst the filbsd stars* aad at 
these times is said to be stationary. 

When a planet appears to move from the neigUmiii- 
hood of any fixed stars, towards others which lie to the 
eastward, jts motion is said to be dirept ; when it pro- 
ceeds towards the stars which lie to the west, its motion 
is retrograde ; and when it seems not to alter its positioq 
amongpt the fixed stars, it is said to be stationary. 

If the earth stood still at T, the planet Venus would * 
seem to make equal vibrations from the sun each way, 
forining the equal angles g TS, and v TS, each 47^ 48' ; 
her greatest elongation, and the stationary points would 
always be in the same place in the heavens ; but it must 
be remembered, that while Yenus is proceeding in her 
orbit from a towards x^ the earth is Agoing forward from 
T towards B ; hence, the stationary points and plapea 
pf conjunction and opposition, vary in every revolution. 

What has been observed with respect to VenuS) may^ 
be applied with a little variation to Mercury* 

HL QFTHE STATIONARY ANBBGTROORAiyB AFFBABt 
ANCBS OF THE EXTERIOB PLAKBTS. 

Becaose Ae earth's orbit is oontained witbm the orb^l 
of Mars, Jnpiter^ &c. tbey are seen b M sides of the 
heavens, and are as often in opposition to the sua as ia 
oonjunction with him* Let the circle in which T is sit- 
Wed (Plate lY. Fig. 8.) represent (he orbit of thfi 
earth, and that in which M is situated the orbit of Mars. 
Now, if the earth be at T when Mars is at M, Mars and 



a TlMcUlioiiiir7aii4rstfeQ^ea|»$iearsiiiQe8 of the inferior pisnets 
are ireaUir illastratedl by a small orrery, made and seUi by Mewr^JTm* 
M S. Jones, Matheaiatical lostMuyieiit-ffiaken, Holbom. 
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the Mil wilt be in cMjimctieB, but if the earth be at # 
irlMn Mars ii at M, they will be io opposition, viz* tiie 
nun win appear in tlie eaat when Mara is in the west. If 
the earth stood stiU at T^ the moliociof the planet Mara 
iMuld alwajm eppear direct f Irat the motion of the earth 
being mora rapid than that of Mars, he wiU be oveftakett 
and |MUwed by the earth* Henee, Mars will have two 
stationary and one relrograVie appearance. Soppoae 
Mie esrtb to be it £ when Mart is at M, he will be seen 
fat the heareM among the fixed stars at m ; and for soaaie 
time before the earth has arrived at E, and after it has 
passed E| he will appeat nearly in the same point m^ 
vis. he will be stationary. While the, earth moves 
through the part fi# eof its orbit, if Mars stood stiU at M» 
Im wonld appear to move in a retrograde direction 
through the are in P r n, in the heavens, and wonid n- 
gain be stationary at n ; but if, during the time the earth 
SMyvesfimn Eto e, Mars moves from M to O, the arc of 
tetrogradation would be nearly m P r. 

The same manner of resaoning may be applied to Ju* 
filter and all the superior plimets. 

lY. OF THB FOGBD STARS. 

The division of the start into constellations, the marks 
by which they are distinguished, &c. have already been 
given among the Definitions, from page 23 to 36. 

1. The motion of the fixed stars. — AH the fixed 8tar« 
except the polar star, appear to have a diurnal motion 
from east^to west ; this arises from the diurnal motion of 
the earth on its axis from west to east. The fixed stars 
have'also a small apparent motion about their real pis-* 
COS, arising from the velocity of the earth in its orbit 
cotnbiasd with the motion of light. This motion is cal(« 
ed the aberration of the fixed stais^ and waa discovered 
by Dr. Bradley."^ They vary in their situations by the 
precession of the equinoxes ; hence, their longitudes, &c^ 
vary conaiderably in a series of years, which renders it 
necessary to have new pistes^ engraven for our celes- 
tial globes at least once ia abeut fifty y^ars. 



* The tbtr^ AstroBomer Royal ; be died in the year 17^ 
t Before the pubKeaUoS 6iCuef9e\dtm9M'BKr6Mwlfew Btftiin 
Globeti there ha4 hfsa aor saw f Isles aB|Favsa ilaaslliatiBMoCSiiisy, 
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Dr. Maskeljne obserres* tbst maoj^if ootdll tlie&i- 
ed stars, have small motions among themsel?eS| which 
are called tbeir proper motions ; the canse and bira of 
whichy are hid^ for the present, in almost equal obsctt- 
ritj. 'By comparing his obserrations with others, he 
found the annual proper motion of the following stars, in 
iright ascension to be, of Sirios,-^0'' .63 ; of Castor, — 
0".28; of Procyon,— 0".« ; of Pollttx,— 0'\93 ; of 
Regulus, — 0'^41 ; of Arctums,*— 1'^4; of a Aquilse 
«fO'^5^; and Sinus increased in north pobur distanci^ 
+1".20; Arctoru«+2".01. 

2. Of the Magnitudes, Distance, Number, and Ap« 

Earanceoftbe fixed Stars. — ^The magnitudes of the 
ed stars will probably remain for ever unknown ; all 
that we can have reason to expect, is a mere approxima- 
tion founded on conjecture. From a compariaon of the 
Kgbt afibrded by a fixed star, and that of the sun, it baa 
been concluded that the magnitudes of the stars do not 
differ materially from the sun. The different apparent 
magnitudes of the stars are supposed to arise from their 
different distances r^ for the young astronomer must not 
imagine that all the fixed stars are placed in a concave 
hemisphere, as they appear in the heavens, or on a con- 
vex surface, as they are represented on a celestial globe. 

From a series of accurate observations by Dr. Brad- 
ley on V Draconis, he inferred that its annual parallax 
did not amount to a single second ; that is, the diame- 
ter of the earth's annual orbit, which is not less than 190 
millions of miles, would not form an angle at this star of 
one second in magnitude ; or, that it appeared in the 
the same point of the heavens durrag the earth's annu- 
id course round the sun. 

The same author calculates the distance of y Draco- 
nis from the earth to be 400,000 times that of the sun, 
or 38,000,000,000,000 miles : and the distance of the 
taearest fixed star from the earth to be 40,000 times the 
diameter of the earth's orbit, or r,0OO,OpO,OOO,OOO miles. 
These distances are so immensely great^ that it is impos- 
sible for the fixed stars to shine by the light of the sun 
reflected from their surfaces r they must therefore, be 
of the same nature with the sun, and like him shine by 
their own light. 

* Explaaatiottof the tables, vol. i.of hii Obienratioaf. 
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Tfaenumbef of tbe fixed stars it almost io&itte, 
though the aiimber which maj be seeo by the naked 
eye) in the whole heaveos does not exceed, and perhaps 
falls short of 3000,^ comprehending, ail the stars from 
the first to the sixth odagnitude inclusive ; but a good 
telescope, directed almost indifferently to any point in the 
heavens, discovers muliitudes of stars invisible to the 
naked eye. That bright irregular sone, the milky way^ 
has been very carefully examined by Dr. Herschel ; 
who has, in the space of a quarter of an . hour, seen 
116000f stars pass through the field of view of a teles« 
cope.ofonly 15^ aperture. / .• 

The fixed stars are the only marks by which astrono- 
mers are enabled to judge of the course of the moveable 
ones, because they do not vary their relative situations* 
Thus, in contemplating any number of fixed stars, 
which to our view form a triangle, a four-sided figure 
or any other, we shall find that they always retain the. 
same relative situation, and that they have had the same 
situation for some thousands of years, viz. from the ear- 
liest records of authentic* history. But as there are 
few general rules without some exceptions, so this gene« 
ral i^erenee is likewise subject to restrictions. Seve- 
. ral stars, whose situations were formerly marked with 
precision, are no longer to be found ; new ones have al- 
so been discovered, which were unknown to the- an- 
cients ; while numbers seem gradually to vanish, and 
others appear to have a periodical increase add de- 
crease of magnitude. Dr. Herschel, in the Philosophi- 
cal Transactions for 1783, has given a large coUection 
of stars which were formerly seen, but are now lost, to- 
gether with a catalogue of variable stars, and of nev* 
stars. 



* By adding up the nmnbert of stars in the third cokimn of the Brit- 
ish Catalogue given at pages 23, 24, and 25, the si^m will be found to 
bedU2. 

t Yince's Astronomy, or Philosophical Transactions for 1795.-— This 
vast multitude of stars, seen and numbered in so short a period of time, 
appears almost incredible, as it would require the doctor to count up- 
wards of 128 stars in a second. If the stars were equally di«f;eminated 
through the whole field of view of the telescope, the method of counting 
would be obvious and easy, because the number in the whole could be 
Inferred from a unall part. 
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Tlie peiMkal Tariiition of Algol or ^ Peraei, ii about 
two days 21 hotrn ; its greafott brigfatnesa is of the ae* 
eond magnitndey and least of the fourth. It rariea 
from the second magnitude to the fourth in about d| 
' boursi and back again in the same timey retaining its 
greatest brightness for the reaaittder of its perio4^ -^ 

The fixed stars do not appear to be all regularlj dis* 
seoiinated through the heavens, but the greater part of 
them are colteoted into clusters ; and^requires a large 
magnifying power, with a great quantify of light, to dis« 
tingttish separately the stars which compose ^ese clns* 
ters. With a small magnifying power; and a small quan^ 
trty of light, they only appear as minute Whitish spots, 
Kke small light clouds, and thence are c#ed nebulss. 
Dr. Herschel has giren a catalogue oLBOOO nebvivy 
which he has discovered, and is of opiniim that the star** 
ry heavens are replete with these nebuja^. The largest 
nebultt is the milky-way, already noticed at page 34. 

From an attentive examination of the stars with good 
telescopes, many which appear single to the naked eye, 
have been found to consist of two, three, or more stars. 
Dr. Herschel by the help of his improved telescope has 
discovered near TOO such stars. Thus • If ereuUs, 
^Lyrie, m Oeminorum, y Andromeda, f& Herculisj and 
many others, are double stars : f Lyras; is a triple star ; 
and t Lyrtt, fi Lyr®, a Orionis, and | Libre, are quad* 
puple stars.* 

T. ON SOLAR AND LUNAR ECLIPSES. 

An eclipse of the sun is occasioned by the dark body 
of the moon passing between the earth and the son, or 
by the shadow of the moon falling on the earth at the 
place .where the observer hi situated ; hence, all the 
eclipses of the sun happen at the time of the new moon^ 
Thus, let S represent the sun (Plate II. Fig, 6.) m the 
OKNm between the earth and the sun,a£66 a portion of 
the earth's orbit, e and /two places on the surface of 
the earth. The dark part of the moon'^s shadow i» 
called the umbra, and the light part, the penumbra ; 



* Tinc^f Aftronomy, chap. xxiv. 
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HOW it 18 eyident that if a spectator be titnaled \n that 
part of the earth where the umbra falk, that is, between 
9 and/, there will be a total eclipse of the boh at that 
place ; at « and /in the penumbra there will be a partial 
eclipse ; and bejopd the penumbra there wi|l b^ Vp 
eclipse. As tiie earth is not alwajs at the same diifr 
tanee from the moon, if an eclipse should happen whef| 
the earth is so far from the moon that the Knes Ff and 
C/ cross each other before ihej come to the earth, ^ 
apectator situated on the earth, in a direct line between 
the centres of the sun and moon, would see a ring of 
Kgfat round the dark bodj of the moon, called an annolair 
eclipse ; when this happens their can be no total eclipse 
any where, because the moon's umbra does not reach 
the earth. People situated in the penumbra will per- 
ceive a partial eclipse. 

According fo M. de Sejour, an eclipse can never be 
annular longer than 12 min. 24 sec. nor total longer 
than 7 min. 5% sec. The duration of an eclipse of the 
Bun can nevercxceed two hours.* 

Aa the sun is not deprived of any part of his light 
during a solar eclipse, and the moon's shadow, in its pas* 
sage over the earth from west to east, only covers a 
amall part of the earth's enlightened hemisphere at 
once, it is evident that an eclipse of the sun may be in? 
▼i«ble to some of the irthabitants of the earth's enlight- 
ened hemisphere, and a partial or total eclipse may be 
Been by others at the same moment of time. 

An eclipse of the mOon Is caused by her entering the 
earth's shadow, and consequently, it must happen when 
she is in opposition to the sun, that is at the time of full 
moon, when the earth is between the sun and the moon. 
Let S represent the sun (Plate 11. Fig. 6.) EO the 
earth, and m|the moon in the earth's umbra, having the 
earth between her and the sun ; DEP and HGP the 

tenumbra. Now, the nearer any part of the penumbra 
I to the umbra, the less light it receives from the sun, 
as is evident from the figure ; and, as the moon enters 
the penumbra before she enters the umbra, she gradual* 
ly loses her light and appears less brilliant. 



f Emenon'fi AstroQom7,.Sect. 7, pagf» 547. 
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The duration of an eclipse of the moon from her first 
touching the earth's penumbra to her learing it, cannot 
exceed 5\ hours* * The moon cannot continue in the 
earth's umbra longer than 3| hours in any eclipse, neither 
can she be toti^lljr eclipsed for a longer period that* If 
hour.* As the moon is actually deprived of her light 
during an eclipse, every inh&bitant upon the face of the 
earth, who can see the moon, will see the eclipse. 

GENERAL OBSERYATIONS ON ECLipSES. 

If the orbit of the earth and that of the moon were 
both in the same plane, there would be an eclipse of the 
aun at every new moon, and an eclipse of the moon at 
every Yiill moon. But the orbit of the moon makes an 
angle of about 5f degrees with the plane of the orbit of 
the earth, and crosses it in two points called the nodes ; 
now astronomers have calculated that, if the moon be 
less than 17^ 21' from either node, at the time of new 
moon, the sun may be eclipsed ; or if less than 11^ 34^ 
from either node, at the full moon, the moon may be 
eclipsed ; at all other times there can be no eclipse, for 
the shadow of the moon will fall either above or below 
the earth at the time of new moon : and the shadow of 
the earth will fall either above or below the moon at the 
time of full moon* To illustrate this, suppose the right 
band part of the moon's orbit (Plate II. Fig. 6.) to be 
elevated above the plane of the paper, or earth's orbkt, 
it is evident that the earth's shadow, at full moon, would 
lall below the moon ; the left hand part of the moon's 
orbit at the same time would be depressed below the 
plane of the paper, and the shadow of the moon, at the 
time of new moon, would fall below the earth. In this 
case, the moon's nodes would be between E and a, and 
between G and 6, and there would be no eclipse, either 
at the full or new moon ; but, if the part of the moon's 
orbit between 6 and 6 be elevated above the plane of 
the paper, or earth's orbit ; the part between E and a 
will be depressed, the line of the moon's nodes will then 



* Einenon's Astronomy. Sect. 7. page 5S9. 
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{m«8 ihrough the centre of the earth end that of the 
mooDi and ao eclipse will enaue.^ An eclipse of the 
iun begins on th^ western side of his disc, and ends on 
the eastern ; and an eclipse of the moon begins on the 
eastern side of her disc, and ends on the western* 

NUMBER OF ECIitFSES IN A TEAR. 

The average number of eclipses in a year is fourytwo 
of the sun, and two of the moon ; and, as the sun and 
moon are as long below the horiaon of any particular 
place as they are above it, the average number Of visible 
eclipses in a year is two, one of the sun, and one of the 
itioon $ the Ittnar eclipse frequently happens a fortnight 
after the solar one^ or the solar one a fortnight after tht 
lunar one# 

The most general number of eclipsest in any yeart ia 
four ; there are sometimes six eclipses in a year^ but 
there cannot be more than seven, nor fewev than two. 

The reason will appear, by considering that the sun 
cannot pass both the nodes of the moon's orbit more 
than once a year, making four eclipses, except he pass 
one of them in the beginning of the year ; in this case 
he may pass the same node again a little before the end 
of the year, because he is abput 173f days in passing 
from one node to the other ; therefore, he may return to 
the same node in about 346 days, which is less than a 
year, making six eclipses. As twelve lunations,^: or 
354 days from the eclipse in the beginning of the year« 
may produce a new moon before the year is ended, 
which, (on account of the retrograde motion of the 



* If you draw the figure on card paper, and cut out the moon, her 
ihadow and orbit, so as to turn on the line a £ G 6, &e. the above illni* 
tration will be rendered more familiar. 

t The moon's nodes have a retrograde motion of about 19^ degrees 
in a year (see page 153 ;) therefore the sun will have to move (180*— 

^n 

-^s> 170|. degrees from one node to the other. But it has been 

shown in a preceding note (see page Id,) that the sun's apparent 'diur* 
nal motion is about 59' in a day ; hence, 59' : 1 day : : 170^« : 173 dayg. 
% That is, 12 timet 29 days 12 hours 44 min. 3 sec or 394 dayi C 
hwm 48 min. 36 sec. 

23 



)' 
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moon's nodes) may fall within the solar limit, it is possi- 
ble for seven eclipses lo happen in a year, five of the 
sun and two of the moon. When the moon changes in 
either node, she cannot be near enough ta the other 
node at the time of the next full moon to be eclipsed, 
and in six lunar months afterwards, or about 177 days, 
she will change near the other node ; in this case there 
cannot be more than two eclipses in a year, and both of 
the sun. 

The ecliptic limits of the sun are greater than those 
of the moon, and hence, there wiU be more solar Aan 
lunar eclipses, in the ratio of 1 7^ 2 V to 1 1® 34% or near- 
ly of 3 to 2 ; but more lunar than solar eclipses are 
seen at any given place, because a lunar eclipse is visi- 
ble to a whole hemisphere at once ; whereas, a solar e- 
clipse is visible only to a j^art, as has been observed be- 
fore, and therefore, there is a greater probability of see- 
ing a lunar than a solar eclipse. ^ / 
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ProblenD perfoimed by the Temstrial and CelMtial Globes. 



CHAPTER I. 

Problems pefformed by the Terrestrial Olobe. 
PROBLEM I. 
To find the Latitude of any given Place. 

RULE. Bring the given placa^ to that part of the 
brass meridian which is numbered from the equator to- 
wards the poles ; the degree above the place is the lati* 
tude* If the place be on the north >ide of the equator, 
the latitude is north ; if it be on the south side the lati» 
tude is south. 

On small §;lobM the latitude of a plaoe cannot be found nearer than 
to about a quarter of a degree Each degree of the bran aieridian on 
the largeit globefl is generally divided into three equal parts, each pari 
eoDtaimng twenty geographical miles ; on such globes the latitude may 
be found to 10^. 

Examples. 1. What is the latitude of Edinburgh? 
Answer. $6^ North. 

2. Required the latitude of the following places ; 
Amsterdam Florence Philadelphia 
Archangel Oibralter Quebec 
Barcelona Hamburgh Rio Jismeiro 



Batavia 


Ispahan 


Stockhohn 


Bencoolen 


Lausanne 


Turin 


Berlin 


Lisbon 


Vienna 


Cadiz 


Madras 


Warsaw 


Canton 


Madrid 


Washington 


Dantzic 


Naples 


Wilna 


ProntheuQ 


Fari* 


York 
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3. Find all the places oa the globe which haT(B no 
latitude. 

4. What is the greatest latitude a place can hare ? 

PROBLEM IL 

Tojind all those places which have the satne Latitude 
as any given place. 

Rule. Bring the giren place to that part of the brass 
meridian which is numbered from the equator towards 
the poles, and observe its latitude ; turn the globe round, 
and all places passing under the observed latitude are 
those required. 

All places in the same latitude have the same length of day and night 
and the rame seasoqs of the year, thoqgb, from local cirpumstaBoes, they 
piay not have the same atmosf^herical temperature. See the note, 
page 15. 

Examples. 1 . What places have the same, or nearly 
the same latitude as Madrid ? 

Answer. Minora^ Naples, CooBtantindple, SinnarfsiMid, Philadel- 
jphia, &G. 

2. What inhabitants of the earth have the saine length 
pf days as the inhabitants of Edinburgh ? 

3. What places have nearly the same latitude as Lon- 
^on^ 

4. What inhabitants of the earth have the same sea- 
lions of the year as those of Ispahan ? 

5. Find all the places of the earth which have the 
longest d^y the same length as at Port Royal in Ji^- 
inaica. 

PROBLEM IIL 

To find the Longitude of anyplace. 

Rule. Bring the given place to the brass meridian, 
the number of degrees on the equatqr, reckoning from 
the meridian passing through London to the brass meri- 
jdian, is the longitude. If the place lie to the right hand 
pf the meridian passing through London, the longitude 
is east ; if to the left hand, the longitude is west. 

On A.dams' glohes there are two rows of figures above the equator. 
When the place lies on the right hand of the meridian of London, the 
longitude must be counted on the upper line ; when it lies to the left 
tiand, it muRt be counted on the lower line. Bardin*8 New British 
Globes have also two rows of figures above the equator, bat the lower 
Una is al wayf lued in leekoning the longitude. 



Examples. 1. What is the longitude of Petersburg ? 

Answer. Mi» east 

2. What ia the longitude of Philadelphia ? 

Answer. > 75^^ west 

3. Required the longitude of the following places : 
Aberdeen Civita Vecchia Lisbon 
Alexandria Constantinople Madras 
Barbadoes Copenhagen Masulipatnm 
Bombay Drontheim Mecca 
Botanj Baj Sphesus Nankin 
Canton Gibralter Palermo 
Carlscrona Leghorn Pondicherry 
Cayenne Liverpool Queda 

4. What is the greatest longitude a place can have i 

PROBLEM IT. 

To find all those places that have the same Longilhtde 
as a given place. 

Bule. Bring the given place to the brass meridian, 
then all places under the same edge of the meridian 
from pole to pole have the same longitude. 

All peo|ile rituated under the same meridian from 66' 28' ^prtii lati? 
tude to 66* W south latitude, have noon at the same Ume : or, if it be 
one, two, three, or any number of hours before or after noon with one 
particular place, it will be the same hour with every other place situa* 
ted under the ^me meridian. 

Examples. 1. What places have the same^or nearly 
the same longitude as Stockholm ? 

Answer. Dantale, Presburg, Tarento, the Cape of Good Hope» to^ 

2. What places have the same longitude as Alexan- 
dria? 

3. When it is ten o'clock in the evening at LondoUi 
what inhabitants of the earth have (he same hour ? 

4. What inhabitants of the earth have midnight when 
the inhabitants of Jamaica have midnight ? 

b. What places of the earth have the same longitude 
as the following places ? 

London Quebec The Sandwich islands 

Pekin Dublin Pelew islands 
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PROBliEM T. 
To find the Latitude and Longitude of any place. 

Rule* Bring the given plape to that part of the brass 
meridiaDy which is numbered from the equator towards 
the poles ; the degree above the place is the latitude, apd 
the degree on the equator, cut by the brass meridian, 
is the longitude. 
This problem it onl^ an exerciie of tlie first and third. 
Example/^. 1. What are the latitude and longitude of 
Petersburg i 
Answer. Latitude 60« N. longitude aOi» £. 
2. Required the latitudes apd longitudes of the fol- 
lowing places ; 

* * Cusco 

Copenhagen 

Duraszo 

SIsinore 

Flushing 

Cape Ouardafni 

Hamburgh 

Jeddo 

Jaffa 

Ivica 



Acapulco 

Aleppo 

Algiers 

Archangel 

Belfast 

Bergen 

Buenos Ayres 

Calcutta 

Candj 

Corinth 



Leith 

Lizard 

I/ubec 

Malacca 

Manilla 

Medina 

Mexico 

Mocha 

Moscow 

Oporto 



PROBLEM TI. 



To find anyplace on the globe^ having the latitude and 
longiiude of that place given. 

Rule. Find the longitude of the given place on the 
equator, and bring it to that part of the brasi meridian 
which is numbered from the equator towards the poles ; 
then under the given latitude, on the brass meridian, you 
will find the place required. 

Examples. 1. What place has 151|^ east longitude, 
and 34'' south latitude. 

Answer. Botany Baj. 

2. What places h^ve the followiiig latitudes wd lon- 
gitudes ? 



THE TERRESTRIAL GLOBE. 
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LatitndM. 


Longitade*. 


Latitade*. 


Loni^dM. 
100" 6'W. 


5€P 


6' N. 


5» 


54'W. 


19" 26' N. 


48 


12 N. 


16 


16 E. 


59 


56 N. 


30 19 E. 


55 


58 N. 


3 


12 W. 





13 S. 


77 55 W. 


52 


22 N. 


4 


51 E. 


46 


55 N. 


69 53 W. 


31 


13 N. 


29 


55 E. 


59 


21 N. 


18 4 E. 


64 


34 N. 


38 


58 E. 


8 


32 N. 


81 11 E. 


34 


29 S. 


18 


23 E. 


5 


9 S. 


119 49 E. 


3 


49 S. 


102 


10 E. 


22 


54 S. 


42 44 W. 


34 


35 S. 


58 


31 W. 


36 


5 N. 


5 22 W. 


32 


25 N. 


52 


50 £. 
PROBLE 


32 
M VII 


38 N. 


ir 6 w. 



To find the difference of Latitude between any two 
places. 

Rule, Bring one of these places to that half of the 
brass meridian which is numbered from the equator to*" 
wards the poles, and mark the degree above it ; then 
bring the other place to the meridian, and the number 
of degrees between it and the above mark will be the 
difference of latitude. 

Or, find the latitudes of both the places (bj Prob. I.) 
Then, if the latitudes be both north or both south, sub- 
tract the less latitude from the greater, and the remain- 
der will be the difference of latitude : but, if the latitudes 
be one north and the other south, add them together, amd 
their sum will be the difference of latitude. 

Examples, t. What is the difference of latitude be- 
tween Philadelphia and Petersburg ? 

Answer. 20 degrees. 

2. What is the difference of latitude between Madrid 
and Buenos Ayres i 

Answer. 75 degreei. 

3. Required the difference of latitude between the 
fojUowing places? 



London and Rome 
Delhi and Cape Comorin 
Vera Cruz and Cape Horn 
Mexico and Botany Bay 
Astracan and Bombay 
St. Helena and Manilla 
Copenhagen and Toulon 
Brest and Inverness 
Cadhs and Sierra Leone 



Alexandria and the Cape of 

Good Hope 
Pekin and Lima 
St. Salvador and Surinam 
Washington and Quebec 
Porto Bello and the Straits 

of Magellan 
Trinidad I. and Trincomale 
Bencoolen and Calcutta 
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4. What two places on the globe have the greatest 
difference of latitude i 

PROBlEMYIU. 

To find the difference of Longitude between any tnro 
places. 

Rule. Bring one of the given placed to the brass me- 
ridian, and mark its longitude on the equator ; then bring 
the other places to the braM meridian, and the nuai^ber of 
degrees between its longitude and the above mark, 
counted on the equator, the nearest way round the 
globe, will show the difference of longitude. 

Or, find the longitudes of both the places (bj Prob. 
III.) then, if the longitudes be both east or both west, 
subtract the less longitude from the greater, and the re- 
mainder will be the difference of longitude ; but, if the 
longitudes be one east and the other west, add them to* 
gether, and their sum will be the difference of iongi* 
tude. * 

When this sum exceeds 180 degrees, take it from 
360, and the remainder will be the difference of longi- 
tude. 

Examples. 1. What is the difference of longitude 
between Barbadoes and Cape Yerd i 

Answer. 41« 48' 

2. What is the difference of longitude between Buei!H>s 
Ayres and the Cape of Good Hope ? 

Aoswer. TB® SC. 

3. What is the difference of longitude between Bota- 
ny Bay and 0*why'ee ? 

Answer. 52» 45', or 5i}». 

4. Required the difference of longitvde between the 
foHowing places 



Vera .Cruz and Canton 
Bergen and Bombay 
Colurabo and Mexico 
Juan Fernandes I. and Ma 

nilla 
Pelew I. and Ispahan 



Constantinople and Batavia 
Bermudas I. and I.of Rhodes 
Port Patrick and Berne 
Mount Heckia and Mount . 

Vesuvius 
Mount ^tna and Teneriife 



Boston in Amer. and BeriiDf North Cape and Gibraitef 

5. What is the greatest difference of longitude com- 
prehended between two places ? 
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PROBLEM DC. 
To find the distance between any two places. 

Rule. The shortest distance between anj two pla- 
ces on the earth, is an arc of a great circle contained 
between the two places. Therefore, lay the graduated 
edge of the quadrant of altitude over the two places, so 
that the division marked O may be one of the places, 
the degrees on the quadrant comprehended between the 
two places will give their distance ; and if these degrees 
be multiplied by 60, the product will give the distance 
in geographical miles ; or multiply the degrees by 69|, 
and the product will give the distance in English miles. 

Or, take the distance between the two places with a 
pair of compasses, and apply that distance to the equa- 
tor, which will show how many degrees it contains. 

If the distance between the two places should exceed 
the length of the quadrant, stretch a piece of thread over 
the two places, and mark their distance ; the extent of 
thread between these marks, applied to the equator, from 
the meridian of London, will show the number of de- 
grees between the two places. 

Examples- 1. What is the nearest distance between 
the Lizard and the island of Bermudas i 



45| distance in degrees 
60| 



46f distance in degrees. 
60 

2700 
30 
15 

2745 geographical nicies. 

3170| English miles. 

2. What is the nearest distance between the island of 
Bermudas and St. Helena ? 



24 




170 
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73^ diBUnce in degrees. 
«0 


73} distance hi degrees. 
69} 


4380 
30 

1 

4410 geographical miles. 


36| 
657 
438- 
34} 


5108JtEiigli8hiiuIei. 

X What h die neareat diataoce between London and 
Botanj Bay ? 

154 distance in dq;Tees» 154 cKstance in degrees^ 
60 69} 


0240* geographical miles. 


77 
138& 
924 




10703 English miles. 



4. What is the direct distance between London an4> 
Jamaica, in geographical and in English miles ? 

5. What is the extent of Europe in English miles from 
Cape Blatapan in the Morea, to the North Cape in 
Lapland ? 

6. What is the extent of Africa from Cape Yerd te 
Cape Guardafui I 

r. What is the extent of South America from Cape 
Blanco in the West to Cape St. Roque in the east t 

8. Suppose the track of a ship to Madras be from the 
Lizard to St. Anthony, one of tne Cape Yerd Islands, 
thence to St. Helena, thence to the Cape of Oood Hope, 
thence to the east of the Mauritius, thence a little to the 
south-east of Ceylon, and thence to Madras; how many 
English miles is the Land's End from Madras ? 

Simpleastbeprecediiif problem may. appear in theory, on a nperfi* 
cia] view, yet, wliea applied to praetice, ttie difficulties which occur aw 
almost inmperable. In sailing across the trackless ocean, or travelling 
through extensive and unknown countries, our only guide is the com* 
pass, and except two places be situated direcUy north and south of each 
other, or upon the equator, though we may travel or sail from one place 
to the other by the compass, yet we cannot take the shortest cottta, as 
mspired by the <iiisdnuit of altitude. 
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To iUiutrate these observations by examples $ first, Let two placed 
he situated in latitude 50» north, and dififering in longitude 48® 50^, 
which will nearly correspond with the Land's End and tTO eastern coast 
of Newfoundland. The arc of nearest distance being that of a great 
eirde, truly calculated by spherical trigonometry, is dO® 49' 6'', equal 
to lBi9 JL geographical miles, or 2141| English miles ; but, if a ship 
steer from the Land's End directly westiwd in the latitude of 50« north* 
till her difference of longitude be 48« ^O', her true distance sailed will be 
1883| geographical miles, or 2181 j English^miles, making a circuitous 
course of 54^3^ geographical miles, or 40| English miles. Those who 
are acquidnted with spherical trigonometry and the principles of nayl- 
gation, particularly great Circle sailing, know that it is impossible to 
eonduct a ship exactly on the are of a great circle, except, as before 
Observed, on the equator or a meridian : for, in this example^ she'must 
be steered through all the different angles, from N. 70* 49' dO'' W. to 
90 degrees, and continue sailing firom thence through all the same va* 
rieties of angles, till she arrives at the intended place, where the angte 
will become 70° 49' 20", the same as at first. 

Secondly. Suppose it were required to find the shortest distence be* 
tween the Lisard, lat. 49» 57' N. long. 5^ 21' W. and the island of Bar- 
mudas, lat. d£o Sy N. long. 6S» SiSt' W. The arc of a great cirde con- 
tained between the two places, will be found, by spherical trigonome- 
try to be 45« 44', being f 7U geographical miles, or 9178 Engli& miles. 
See the method of calculating such problems In Keith's Trigonometry, 
aedkid edition, page 278. Now, for a ihipto run this shortest tracK, 
she must sail from the Lizard S. 89« 29' W. and gradually lessen her 
fsourse so as to arrive at Bermudas on the rhumb bearing S. 49® 47' W. 
but this, though true in theoiy, is impracticable : the course and distance 
must therefore be calculated by Mercator's sailing. The direct course 
by the compass will be found to be S. 68« 9^ W., and the distance upon 
that course 2800 geographical miles, or BUS English miles ; making a 
circuitous course of 5o geographical miles, or 65 English miles. 

Hence, to find the dittanee between any two places what latitudes ttud 
longitudes are ibiown, in order to travel or sail from any place to the O' 
Aer, on a direct eouru by the marinei*s eonqMss, the/oUowing methods 
must be used, 

1. If the places be situated on the same meridian, their diiferenee of 
latitude will be the nearest distence between them in degrees, and the 
places will be exactly north and south ofeach other. 

2. If the places be situated on the equator, their difference of longitude 
win be the nearest distance in degrees, and the places will be exactly 
east and west of each other. ^ 

5. If the places differ both in latitudes and longitudes, the distence 
between them and the point of the compass/>n which a person must sail 
or travel, from the one place to the other, must be found hy Bf eroa- 
tor*s Sailing, as in navigation. 

4. If the places be situated in the same latitadci, they will be direct- 
ly east and west of each other; and their dtlierence of fongitede, multi* 
plied by the number of miles which make a degree In the given.lati- 
lude, awording to the following table, wiU i^ve ue distvioe. 



172 



FBOBLEBI8 PBRFORMED BY 



WOeog.| 
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48.54 
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24.40 
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55.10 
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:26.96 
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59.55 
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47.28 


54.37 


68 


2248 


25.85 


8 
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68.31 


39 
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69 


21.50 
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9 


59.26 


68.15 


40 


45.96 


52.85 


70 


20.52 
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10 
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67.95 


41 


45.28 


5207 


71 


19.53 


22.47 


it 


58.89 
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42 


44^9 


51.27 


72 
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2132 


U 


58^9 
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43 


43.88 
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73 


17.54 


30.17 


U 


58.46 


67.21 


U 


43.16 


49.63 


74 


16JS4 
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14 


58.22 
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45 
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48.78 


75 


15.53 


17.86 


15 


57.95 


66.65 


46 
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16 
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47 
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77 


13JM) 
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17 
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48 


40.15 


46.16 


78 


12.48 
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18 


57.06 


65.62 


49 


39.36 


45.26 


79 


11.45 


1317 


19 
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65.24 


50 


38.57 


U35 


80 
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tl.98 


fo 


5638 


64.84 


51 


37 76 
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81 


938 


10.79 


tl 


56.01 


64.42 


52 


36.94 


4248 


82 


835 
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55.63 


63.97 


53 


36.11 


4153 


83 


7.31 
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ts 
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6351 
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35.27 


40.56 


84 
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7.21 
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63.03 
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39.58 


85 
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54.38 
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56 
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«6 


53.93 


62.02 


57 
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37.58 


87 


3.14 


3L6i 


«7 


53^ 


61.48 


58 


31.79 


36.57 


88 


2j09 
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28 


52.97 


6033 


59 


3030 


35.54 


89 


1X>5 


1.21 


t9 


5248 


60JJ5 


60 


30.00 


34.50 l90 


0410 


04)0 


do ^ 51.96 1 


J9.75 


Length of a degree 6907 Eo^iih milei. | 



The foregoing table is calculated thus ; radius is to the length of a 
dagree upon the equator, as the oo-sine of the given latitude is to the 
length or a degree in that latitude. See this proportion fUmUsted in 
Mtth's Tfigononetry, page 261, second edition. 
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PROBLEM X. - 

A place betiijf given on the globe, to find all places 
which are situated at the same distance from ii as 
any other given place. 

Rule* Lay the graduated edge of the quadrant of 
altitude oyer <the two places, to that the divitioo mark* 
ed O may be on one of the places, then observe what de* 
gree of the quadrant stands over the other place ; move 
the quadrant entirely round, keeping the division mark* 
ed O in its first situation, and all places which pass un* 
der the same degree which was observed to stand over 
, the other place, wiU be those sought. 

Or, place one foot of a pair of compasses in one of the 
given places, and extend the other toot to the other giv- 
en place ; a circle described from the first place as a 
ceqtre, widi this extent, will pass through all the places 
sought. 

If the distanee between the two given places lihoald exceed the 
length of the qoadrent, or the extent of a pair of eoapaami, stretdi 
a piece of thread over the two places, at in the preceding pnth 
lem. 

Examples. 1. It is required to find all the places on 
the globe wich are situated at the same distance from ^ 
London as Warsaw is ? 

Answer. Koningsborg, Boda, Posega, Alicant, te. 

2. What places are at the same distance from Lon* 
don as Petersburg is ? 

3. What places are at the same distance from Lon- 
don as Constantinople is ? 

4. What places are at the same distance from Borne 
jas Madrid is i 

PROBLEM XL 

Given the latitude of a place and its distance from a 
given place, to find that place whereof the latitude is 
given. 

Rule. If the distance be given in English or geogra- 

i^hical miles, turn them into degrees, hy dividing by 69| 
or English miles, or 60 for geographical miles ; then 
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pat that part of the graduated edge of the quadrant of 
altitude which it marked O upon the given place, and 
tnoye the other end eastward or westward (according 
as the required place lies to the east or west of the giv- 
en place) till the degrees of distance cut the given par- 
allel of latitude ; under the point of interaecti^^ you 
will find the place sought. 

Or, Having reduced the miles into degrees, take the 
same number of degrees from the equator with a pair of 
compasses, and with one foot of the compass in the 
given place, as a centre, and this extent of degrees, de- 
scribe a circle on the globe ; turn the globe till this cir* 
cle falls under the given latitude on the brass meridian^ 
and jou will find the place required. 

Examples. I. A place in latitude 60^ N. is 1320| 
English miles from London, and it is situated in E. Ion* 
gitude ; required the place ? 

Answer. Divide ISSO} miles by 69} tailes, or, whieb is the same 
tbing, S641 half miles by \SB bajf miles, tbe quoUeni will give 19 de- 
grees ; bence, the required place is Petersburg. 

2. A place in latitude 32|® N. is 1350 geographical 
miles from London, and it is situated in W. longitude ; 
required the place i 

Answer. Divide 1S50 by 60, the quotient is S2« d(/, or 22} degrees; 
benoe, the required place is the west point of the island of Madeira. 

3. What place, in E. longitude and 41® N. latitude, 
is 1529 English miles from London ? 

4. What place, in W» longitude and 13^ N. latitude 
is 36G0 geographical miles from London ? 

PROBLEBI XIL 

Given ike longitude of a place and its distance from a 
given placet to find that place whereof the longitude 
is given. 

Rule. If the distance be given in English or geo^ 
graphical miles, turn them into degrees by dividing by 
69^ for English miles, or 60 for geographical miles ; 
then, put that part of the graduated edge of the quad- 
rant of altitude which is marked O upon the given place, 
and move the other end northward or southward (accor- 
ding as the required place lies to the north or south o/ 



THE TERRESTRIAL GLOBE. I7d 

the given place,) till the degrees of distance cut the 
given longitude ; under the point of intersection jrou 
will find Uie place sought. ^ 

Or, Having reduced the miles into degrees, take the 
same number of degrees from the equator with a pair of 
compasses, and with one foot of the compasses in the 
given place, as a centre, and this extent of degrees, de« 
scribe a circle on the globe ; bring the given longitude 
to the brass meridian, and you will find the place, upon 
the circle, under the brass meridian. 

Examples. I. A place in north latitude, and in 80 
degrees west longitude, is 4239| English miles from 
liondon ; required the place i 

Answer. IMvide 4SSBi milet by 69^ miles, or, which Is the mam 
thing, 8479 half miles by 159 half mUes, the <|iiotient wiU give €1 d^ 
grees : hence, the required place is the island of Barhadoes. 

2. A place in north latitude, and in 75^ degrees west 
longitude, is 3120 geographical miles from London ; 
what place is it ? 

3. A place in 31} degrees east longitude, and situa« 
ted southward of London, is 2224 English Miles from it ; 
required the place ? 

4. A place in 29 decrees east longitude, and situated 
southward of London, is 1529 English miles from it ; 
required the place ? 

PROBLEM XIU. 

To find how many miles make a degree oflongituda 
in any given parallel of latitude. 

Rule. Laj the quadrant of altitude parallel to the 
equator between anj two meridians in the given latitude, 
which differ in longitude 15 degrees ;^ the number of 
degrees intercepted between them multiplied by 4, will 
give the length of a degree in geographical miles. The 
geographical miles may be brought into English miles, 
by multiplying by 116, and cutting off two figures from 
the right hand of the product* ' 



* The meridians on Gary's large globes are drawn through every tea 
degrees. The rule will answer for these globes, by reading 10 degreed 
far 15 degreef , tad Bittltipiying by 6 instead of L 
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. Or, Take the distance between two meridians, wfaicli 
differ in longitude 15 degrees in the given parallel of 
latitude, w ith a pair of compasses ; apply this distance 
te the equator, and observe how manj degrees it makes ; 
w ith wliich proceed as above. 

Since the quad rant of altitade will meMure no arc truly but that of 
a great circle i and a pair of compaMes will only meaeure the chord of 
an arc, not the arc itself t it followB, that the preceding rule cannot be 
mathematically true, though mifficiently correct for practical purposes. 
When great exactness is required, recourse muitt be had to calculation. 
See the tatde in the note to Problem IX. page 170. 

rhe abore mle is founded on a soppositioa that the number of de- 
grees contained between any two meridians, reckoned on the equator, 
is to the number of degrees contained between the sam^ meridians, on 
any parallel of latitude, as the number of gecPgraphical miles contained 
in one degree of the equator, is to the number of giBographical miles con- 
laioed in one degree on the given parallel of latitude. Thus in the 
latitude of London, two places which differ 15 degrees in longitude are 
9k degrees distant by the rule. Hence, 15** : 9i^ i i 60 m. : 37 m. or 
15« : 60 m. : : H^ : 37 m. but 15isto60asl is to 4, therefore, 1 : 4 
: : 9^ : 97 geographical miles contained in one dwee. Now, any 
number of geographical miles may be brought into Snglish miles bv 
multiplying by 694 and dividing by 60 ( or by multiplying by Idsl 
for 60: 694 's t J 116 nearly. 

Examples. !• How man j geographical and English 
miles make a degree in the latitude of Pekin i 

Answer. The latitude of Pekin is 40** north : the distance between 
two meridians in that latitude (which dlUbr in longitude 15 degrees) if 
1 H decrees. Now, 111 degrees multiplied by 4, produces 46 geograpi^ 
ical miles for the length of a degree of longitude, in the latitude of Pe- 
kin ; and if 46 be multipUed by 116, the product will be 5SS6 ; cut off" 
the two right band figures, and the length of a degree in English milef 
will be 53. Or, by the rule of three 15'' : 69i m. : : 11)** : 53 miles. 

2. How many miles make a degree in the parallels of 
ktitude wherein the Tollowiug places are sitaated i 
Surinam Washington Spitzbergen 

Barbadoes ' Quebec Cape Yerd 

Hayannah Skalholt Alexandria 

Bermudas I. North Cape Paris 

PROBLEM XIY. 

To find the bearing of one place from anetker. 

Rule, ir both the places be situated in the same 

Jiarallel of latitude, their bearing is either east or west 
rom each other ; if they be situated'on the same merid- 
ian, they bear north and south from c«ch other ; if they 
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be situated on the same Fhumb-lioe,^ that rhamb-line ia 
their bearing ; if thej^^be not situated on the same rhumbif. 
line, lay the quadrant of altitude over the two placeSy 
and that rhumb -line which is the nearest of being paral- 
lel to the quadrant will be their bearing. 

Or, if the globe have no rhumb-lines drawn on it» 
make a small mariner's compass (such as in Plate I« 
Fig. 4.) and applj the centre of it to any given place^. 
so that the north and south points may coincide with 
some meridian ; the other points will show the bearing 
of all the circumjacent places, to the distance of up- 
wards of a thousand miles, if the centrical place be not 
far distant from the equator. 

Examples. 1. Which way must a ahip steer from 
the Lizard to the island of Bermudas ? 
Answer .W^.W. 

2. Which way must a ship steer from the Lizard to 
the island of Madeira ? 

Answer. 6.S.W. 

3. Required the bearing between London and the fol- 
lowing places : 

Amsterdam Copenhagen Petersburg 

Athens Dublin Prague 

Bergen Edinburgh Rome 

Berlhi Lisbon Stockholm 

Berne Madrid Vienna 

Brnssela Naples Warsaw 

Buda Paris 

FROBLEH XV. 

To find the angle of position belmentwo places. 

Rule. Elevate the north or south pole, according as 
the latitude is north or south, so many degrees above 
the horizon as are equal to the latitude of one of the giv- 

» On Adams' globes there are two compasses drawn on the equator; 
each point of whieh may be called a rhumb-line, being drawn so as to 
cat all ther meridians in equal an^es. One compass is drawn on tf va* 
Cant place in the Pacific ocean, between America and New Holland) 
and another, in a sfaniiar manner, in the Atlantic, between Africa, and 
Sottth America. H^re are bo Rhnmb-lines, oa either Cary's or 
BMiii's|^9. 

25 
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en phces ; bring that place to the brass meridiaoi and 
•crew the quadraot of altitude upon the degree oyer it ; 
Best move the quadrant till its graduated edge falls upooi 
the o^ier place ; then the number of degrees on the wood- 
en horizon, between the graduated edge of the quadrant 
and the brass meridian, reckoning towards the elevated 
pole, is the angle of position between the two places- 
Examples. 1. What is the angle of position between 
London and Prague 2 

Antwtsr. 90,degree8 from the north, towards the east; the quadrant 
of altitude will fall upon the east point of the horisbo, and pass over or 
near the foflowing places, vis. Rotterdam, Frankfort, Cracow, Ock" 
sakow, Caffa, south part of the Caspian Sea, Gm^erat in India, Mad- 
ras, and part of the island of Ceylon. Hence, all these places have th* 
same aode of position from London. 

2. What is the angle of position between London and 
Port Royal in Jamaica ? 

Answer. 90 degrees from the north towards the west ; the quadrant 
of altitude will fall upon the west point of the horizon. 

3. What is the angle ofposition between Philadelphia 
and Madrid ? 

Answer. 65 degrees from the north towards the east ; the quadrant 
of altitude will fall between the E.N.E. and N.E. by £. points of the 
horizon. 

4. Required the angles of position between London 
and the following places ? 

Amsterdam Copenhagen 

Berlin Cairo 

Berne Lisbon 

Coustagtinople Madras 



Rome 
Stockholm 
Petersburg 
Quebec 



The preceding problem has been the ooeasion of many disputes 
among writers on the globes. Some suppose the angle of position to 
represent the true bearing of two pla- 
ces, via. that point of the compaw upon 
which any person must constantly sail or 
travel, from the one place to the other ; 
while others contend, that the angle of 
position between two places ig very dif- 
f(fefent from their bearing by the mari- 
ner's compass. We shall h»re endea- 
vour to set the matter in a clear point 
of view. The annexed figure represents 
a quarter of the sphere, stereographi- 
cally projected on the plane of the meri- 
dian, with the half meridians and paral- 
lels of latitude drawn through every ten 
degrees ; P represents the north pole, and Ea a porUon of the oim. 
' ^r. Wow, by attendinz to the manner of findUg the anefe of^. 
tlon, as laid down in the foregoing problem, we shiOl find that the q^ 
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rant of altitocle always fonns the base of a spherical triangle, the two 
sides of which triangle are the compliments of the latitudes of the two 
places, and the vertical angle is their difference of longitude. The 
angles at the base of this triangle are the angles of position between 
the ti^o plaees. 

1, When the two places are siiuated on the samefof^ 
alUl of latitude. 

liet two places L and O be situated in latitude 50° north, and dilfer- 
ing in longitude 48o 5(X, which will nearly correspond with the Land's 
Cnd and the eastern coast of Newfoundland (See the note to Prob. IX.) 
then OP and LP will be each 40 degrees, the angle OPL, meaftired by 
the arc toCt, will be 48<> 5(/ ; whence the arc of nearest distance OnL 
may be found (by case IIL page 2^, Keith's Trigonometry) being 
80« ^9^6^^ the angle PLO equal to POL, the triangle being noscde^ 
is 70° 49' Sf^' ; and' if n be the middle point between L and O, the iati* 
tude of that point will be found to be 52o St' north, and the angles 
PnL and PnO will be right angles. Now, if an indefinite number of 
points he taken along the edge of the quadrant of latitude, via. on the 
arc LnO, the angle of position between L and each of these points will 
be N. 70» 49^ ao^ W. ; but, if it were oossible for a ship to sail along 
the arc LnO by the|Gorapas8, her latitude would gradually increase b»r 
tween L and n, from no^ N. to 52<^ ST' N. ; and the courses she must 
steer would vary from 70° 49' SO" at L, to 90» at n. In sailing from 
^ to O, she must decrease her latitude from 52o SX' N. to SO^N and 
her courses must vary from 90% or directly west, to 70» 49^ SO"; but, if 
a ship were to sail along the parallel of latitude LmO, her course would 
be invariably due west Hence, it follows that, if two places be situa- 
ted on the same parallel of latitude, the angle of position between 
tiei^ cannot represent their true bearing by the mariner's compass. 

ConoLLABT. If the two places were situated on the equator as at 
IS and Q. the angle of posiMon between Ql and w, and between Q aufl 
all the intermediate points as at N, would be 90 degrees. In this case 
Ui^refore, and in this only, the angle of position shows the true bearing 
by the comjiass. 

2. If the two plaees differ both in lafiiudes and Ion* 
gitudes. 

Let L represent a plane in latitude ;MKN ; B a place in latitude 
iafiSf/N. and let their diflference of longitude BPL, measured by the 
. areftCt be 52^ 58'. The angle of position between L and B Oscula- 
ted by spherical trigonomet^) will be found to be S. 68o 57' W. and 
the angle of position between B and L will be N. S8<* 5' B. whereai^ 
the direct course by the compass from L to B (calculated by Hercator^i 
Sailing) is S. 50» 6' W. and from B to L, it is N. 50» 6' £. If we as- 
sume any numb^ of points on the arc LB, the angle of position be* 
tween Land each of these points will be invarl4^1«t viV* PL9,PLl» 
PLy, PLs, PLr, ke. are each equal to 6Bo ST' : while the fngle of po« 



sition between each of these places and L, via. PeL, PiL, P^L, PsL« 
PrL, &oi are oontinually diminishing. If a ship, therefore, were tq 
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wouia never arrive aiB; and were theto nil from B»on aK. 38o ^ E« 
€oone by the compaBi, 8be would never arrive at L. 

Benoe» an angle of poiition between two places cannot represent 
their bearing, except those places be op the equator, or upon the same 
meridian* 

PBOBLEM XYL 

To find the Anicdci, Petifui, and Antipodes of 
any place. 

Rule. Place the two poles of the globe in the horizon^ 
and bring the given place to the eastern part of the faori- 
2on; then, if the given place be in north latitude, ob- 
serve how many degrees it is to the northward of the 
east point of the horizon ; the same number of degrees 
to the southward of the east point will show the Antoeci ; 
fin equal number of degrees, counted from the west 

glint of the horizon towards the north, will show the 
ericeci ; and the same number of degrees, counted to- 
wards the south or west, )^ill point-out the Antipodes. 
If the place be in south latitude the same rule will serve 
bjr reading south for north, and the contrarj. 

OB THUS: 

For the Antizci. Bring the given place to the brass 
meridian and observe its latitude, then in the opposite 
hemisphere, under the same degree of latitude, you will 
find the Antccci. 

For the Permci. Bring the given place to the brass, 
meridian, and set the index of the honr circle to 12, turn 
the globe half round, or till the index points to the other 
12, then under the latitude of the given place you will 
find the Perioeci* 

For the Antipodes. Bring the given place to the 
brass meridian, and set the index of the hour circle* to 
12, turn the globe half round, or till the index points to 
the other 12, then under the same degree of latitude 
with the given place, but in the opposite hemisphere^ 
yott will find the Antipodes. 

Examples. 1* Required the Anteeci, Perieeci, and 
Antipodes of the island of Bermudas. 

Answer. Aplaoe in Paraguay, a little N. W. of Buenos Ayre8,ii 
the AntoBd; Pericwi is a place in China N, W* of Nankin ; andUift 
aW.part of New BoOand la the Antipodes. 
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2. Required the Antcecii Periceci, and Antipodes of 
the Cape of Good Hope. 

3. Captain Cook, in one of bis Tojages, was in 50 de- 
grees south latitude and 180 degrees of longitude; in 
what part of Europe were his Antipodes i 

,4. Required the Antceci of the Falkland Islands. 

5. Required the Perioeci of the Philippine Islands. 

6. What inhabitants of the earth are Antipodes to 
Buenos Ayres i 

PROBLEM XYIL 

Tofin4 at whai rait per hour the inhabitants of any 
given place are carrUdjfrom weet to eastf by the rev* 
olution of the earth on its axis. 

Ride. Find how many miles make a degree of longi- 
tude in the latitude of the given place (by Problem 
XIII.) which multiply by 15 for the answer."* 

Or, look for the latitude of the given place in the ta^ 
ble. Problem IX, against which you will find the num- 
ber of miles contained in one degree, multiply these by 
15, and reject two figures from the right hand of the pro? 
duct ; the result will be the answer. 

Examples* 1 • At what rate per hour are the inhabit 
tants of Madrid carried from west to east by the revOf> 
lution of the earth on its axis. 

Angwet. The latitude of Madrid is aboat 10* ^. where a degree of 
longitude meanires 46 geographical or 53 Engiiih miles (see Ex- 
ample 1. Prob. Xin.) Now, 46 multiplied by 15 produces 690, and 
53 mulUpUed by 15 produces 795 ; hence, the inhabitants of Madrid are 
carried 690 geograpliical or 795 English mites per hour. 

By the Table. Against the laUtude of 40 yon wUl Sad 45^ goo* 
graphical miles, and 52.85 English miles : Hence, 
45^6X15=^689.40 and 52.85 X 15»79S.75, by reJecUng the two 
right hand figures from each product, the result will be 689 geographical 
miles, and 792 English miles, agreeing nearly with the above. 

2. At what rate per hour are the (inhabitants of the 
following places carried from west to east by the revo- 
lution of the earth on its axis i 



* The reason of this rule is obvious, for if m be the number of miles 
contained in a degree, we have 24 hours ; 360* X m. : : 1 hour : the an* 
swer ; but, 24 is contained 15 times in 560 ; therefore, 1 hour : 15 X m • : 
1 hour: the answer . that is, on a snpposition that the earth turns on 
its aids from west to east in 24 hours ; but we have before observed that 
it turns on its axis in 23 hours 56 min. 4 sefi*| whidh will make a onitt 
diflference sot worth notice. 
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Skalbolt Pfailadelphia Cape of Good Hope 

Bpitzbergen Cairo Calcutta 

Petersburg Barbadoes Delhi 

I^ODdon Quito Batavia 

PROBLEM XVllL 

A particular place and the hour of the day at thcU place 
being given^ to find what hour it is ai any other 
place. 

Rule. Bring the place at which the time is giren to 
the brass meridian, and set the index of the hour circle 
to 12 ;* turn the globe till the other place comes to the 
meridian, and the hours passed orer by the index will 
be the difference of time between the two places. If the 
place where the hour is sought lie to ihe east of that 
wherin the time is given, count the difference of time 
forward from the given hour; if it lie to the west, reckon 
the difference of time bs^ckward* 

OB, WITHOUT THE QOUR CIRCLE. 

Find the difference oflongitude between the two pla* 
ces {by Problem VIII.) and turn it into time by allow- 
ing 15 degrees to an hour, or four minutes oftimetoone 
degree. The difference of longitude in time, will be 
Ihe difference of time between the two places, with 
which proceed as above. Degrees oflongitude may be 
turned into time by multiplying by 4 ; observing that 
minutes or miles of longituae, when multiplied by 4, pro- 
duce seconds of time, and degrees of longitude, when 
multiplied by 4, produce minutes of time. 

It has been remarked io the note page 5, that some glubes have two 
POW8 of figures on the hour circle, others but one ; this difference fre- 
quently occasions confusion ; and the manner in which authors in gene* 
rtl direct a learner to solve those problems wherein the hour circle is 
used, serves enty to increase that confusion. In this, and in all the 
succeeding problems, great care has been taken to render the rules gene- 
ral for any boar circle whatsoever. 

Examples. 1. When it is ten o'clock in the morning 
ki London, what hour is it at Petersburg ? 



* The index may be set to any hour, bnt 12 is the most convenient 
$o count from, and it is immaterial which H on the hoar circte the ^i- 
daisfeito. 
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Answer. The diftreooe of time is two houn ; and, as Petenbure if 
eastward of London, this difference mast be counted forward, so that iC 
19 twelve o^clocli at noon at Petersburg. * 

^Skf^t^^'^?^..''^. longitude between Petersburg and London it 
50O 25' which multiplied by 4 produces 2 hours I min. lo sec. the differ! 

fi^l, ^?*'''r*u^ ^"^ ''^V'i' ""^ ^"*'^° »««^ Petersburg ; hence. at 
Petersburg lies to the east of Loudon, when it is ten o'c^k uTtS 

PeS4! • ** oneminute and forty seconds past twelve aft 

2. When it is twelve o'clpck in the afterqoon at Alex- 
andria in Egjpt, what hour is it at Philadelphia ^ 

* r?''^?'- "^^ diflbrence of time is seven hours ; and because PkUa^ 
tophia lies to the west of Alexandria, this di&renee mustbe reckonrf 
buckwiuji. io. that it is«.ven o/dock ik the morninTat pSwe^a? 
Or, The longitude of Alexandria is &• 16' E 

The longitude of Philadelphia if 75 19 w\ 

Biffisrence of longitude 105 55 

i 

1 u „Pj^««c« of longitude in Ume 7h.2BTf0sec ifcn 

t2rJtV^^^^^:'\^^\^^^^^^^^ at Alex^dria!l;jS^ 

when H is two o'clock in the afternoon at Alexandria, it is ST^TS 
■oc past six in the morning at PhUadelphia. """""» " " ^^ «• ^ 

3. When it is noon at London, what hour ia it at Cal 
€ut(a ? 

4. When Uis ten o'clock io the morning at London, 
what hour u it at Washington ? " "» 

5. When it is nine o'clock in the momine at Jamai. 
ca, what o'ctock is it at Madras ? * 

6. My watch was well regulated at London, and wbea 
I arrived at Madras, which was after a fire month? 
Tojage, It was four hours and fifty minutes slower than 
the clocks there. Had it gained or lost during the tot- 
age? And how much f * ' 

PROBLEM XIX. 

A Pj^fcular place and the hour of the iaj, being givm 

or any other given hour. 

.n?S'A?"!? **"vf^*u P'*''* ** *''• »»«»» meridian, 
and set the index of the hour circle to 12; then, as the 
difference of time between the given and required pla* 
ces IS always known by the problem, if the ^our at the 
S!^f P«ces be earlier than the hour at the giv« 
place, tnrn the globe eastward till the index has pissed 
over as many hours as are equal to the given difl&reace 
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of time ; but» if the boiir at the required places be later 
than the hour at the given place, turn the globe west- 
ward till the index baa passed over as many hours as are 
equal to the given difference of time ; and in each case, 
all the places required will be found under the braaa 
meridian. 

OB, WITHOUT TBB HOUB CIRCLE. 

Bedttce ihi difference of time between the given 
place and the required places into minutes ; these min- 
utes, divided hy 4, will give degrees of longitude ; if there 
be a remainder after dividing bj 4, multiply it by 60, 
and divide the product by four, the quotient will be min- 
utes or miles otlongitude. The difference of longitude 
between the given place and the required places being 
thus determined, if the hour at the required places be 
earlier than the hour at the given place, the required 
places lie so many degrees to the westward of the given 

£Iace as are equal to the difference of longitude; if the 
our at the required places be later than the hour at the 
given place, the required places lie so many degrees ^to 
the eastward of the given place as are equal to the dif* 
ference of longitude. 

Examples. 1. When it is noon at London, at what 
place is it 4 past eight o'clock in the morning ? 

Amwer. The difierenee of time between London, the given plaee* 
and the reqnired places, U 3) hours, and th^ time at the required plaeet 
is earlier than that at Iiondon ; therefore, the required places lie Si 
kours westward of London ; consequently, by bringing to London the 
brass meridian, setting the index to 12, and turning the globe eastward 
till the index lias pasM oyer 5j hours, all the recniired places will be 
under the brass meridian, as the eastern coast of Newfoundland, Cay« 
enne, part of Paraguay, ice 

Or, the difference of time between London, the given place, and the 
nquifed places, is d hoars SOmin. 

5 h. dO m. The difference of longitude between the 

60 Sly®*^ place and the required places is 59fi $(/• 

I The hour at the required places being eariter 

4)ti0 m. than that at the given place, they He 5S« S(/ 

westward of the given place. Hence, all pk« 

ces situated in 5v* 31/ west longitude from 

London are the places sought, and will be 

found to be Cayenne, 4:e* as above. 

4)120 
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2. When it is two o'clock in the afternoon at London^ 
at what place is it ^ past fiye in the afternoon i 

Answer. Here tbe difference of time between London, tlie given place, 
and tlie reqaiced places, is df hours; but the time at tbe required pla- 
ces is later than at London. The operation will be the same as In ex- 
ample 1, only the globe must be turned 5} hours towards the west, be- 
cause the required places will be in east longitude, or eastward of the. 
^ven place. The plaoes sought are the Caspian sea; western part of 
Sfova Zembla, the island of Soeotra, eastern part of Madagascar, ko, 

3. When it is | past four in the afternoon at Paris,- 
where is it noon ? 

4. When it is | past seven in the morning at Ispahan, 
where is it noon F 

5. When it is noon at Madras^ where is it ^ past sis 
o'clock in the morning ? 

6. At sea in latitude 40^ north, when it was ten o'-* 
clock in the morning by the time piece, which shows th« 
hour at London, it was exactly 9 o'clock in the morn- 
ing at the shin, by a correct celestial obserration* In 
what part of tne ocean was the ship ? 

7. When it is noon at London, what inhabitants of the 
earth have midnight i 

8* When it is 10 o'clock in the morning at London, 
where is it ten o'clock in the evening ? 

PROBLEM XX. 

To find the aiifi'8 longitude {commonly called the mn'^ 
place in the ecliptic) and his declination. 

Ride. Leek for the given daj in the circle of monthf 
on the horizon, against which, in tbe circle of signs, are' 
the sign and degree in which the sun is for that day^ 
Find the same sign and degree in the ecUpticon the sur- 
face of the globe : bring the degree of the ecliptic, thnflr 
found, to that part of the brass meridian which is ntua^ 
bered from the equator towards the poles, its distance 
Sifom the equator reckoned on the brass meridian, is thsT 
sfun's declination. — Thb problem maj be performed b/ 
the celestial globe, using the same mle^ 
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* OR BT THE ANALEMlllA.* 

Bring the analemma to that part of the brass meridiao 
which is numbered from the equator towards the pole8» 
and the degree on the brass meridian, exactly above the 
day of the month, is the sun^s declination. Turn the 
globe till a point of the ecliptic, correspondent to the 
day of the month, passes under the degree of the son's 
declination, Ihat point will be the sun's longitude or 
place for the given day. If the sun's declination be 
north, and increasing, the sun's longitude will be some- 
where between Aries and Cancer. If the declination 
be decreasing, the longitude will be between Cancer and 
Libra. If the sun's declination be south, and increas- 
ing, the sun's longitude will be between Libra and Cap- 
ricorn ; if the declination be decreasing, the longitude 
will be between Capricorn and Aries. 

The sin's longitude and declination are given in the second page of 
every month, in the Nautical Almanac, for every day in that month ; 
theyare Ukewise given in White's EphemeriSf for every day in the year. 

Kxamples. 1. What is the sun's longitude and de- 
clination on the 15th of April ? 

Answer. The sun's place is ^6° in ^ , declination 10^ N. 

2. Required the sun's place and declination for the 
following days : 

January 21. May 19. September 9. 

February 7. June 11. October 16. 

March 16. July 11. November 17. 

April 8. August 1. December 1. 



* The analemma is properly an orthographic projection of the 
sphere on the plane of the meridian ; but what is called the analemma 
on the globe, is a narrow slip of paper, the length of which is equal to 
the bueadth of the torrid zone. It is pasted on some vaeant place on 
the globe in the torrid zone, and is divided into months, and days of the 
months, correspondent to the sun's declination for every day in the 
year. It is divided into two parts i the right hand part begins at the 
winter solstice^ or December 21st, and is reckoned upwai^s towardt 
the summer solstice, or June Slst, where the left hand part begins^ 
which is reckoned downwards in a similar manner, or towards the win- 
ter solstice. On Gary's globes the Analemma somewhat resembles the 
figure 8. It appears to have been drawn in this shape for the conven- 
ience of showing the equation of time, by means of a straight line 
which nasses through Uie middle of it. The equation of time is placed 
on tbehorisonof Bardia's globes. 
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PROBLEM XXI. 

To place the globe in the same situation wUh respect to 
the suny as our earth is at the Equinoxesy at the sum- 
mer solsticcy and at the winter^solsticcy and thereby to 
8horv the comparative lengths of the longest and short- 
est days.^ 

!• For the equinoxes* ' Place the two poles of the 
globe ID the horizoD ; for at this time the sun has no de- 
GliDation, being in the equinoctial in the heavens, which 
is an imaginary line standing vertically over the equa- 
tor on the earth. Now, if we suppose the sun to be fix- 
ed ; at a considerable distance from the globe, vertical- 
ly over that point of the brass meridian which is marked 
O, it is evident that the wooden horizon will be the 
boundary of light and darkness on the globe, and that the 
upper hemisphere will be enlightened from pole to pole. 

Meridians, or lines of longitude, being generally drawn 
on the globe through every 15 degrees of the equator, 
the sun will apparently pass from one meridian to ano- 
ther in an hour. If you bring the point Aries on the e- 
quator to the eastern part of the horizon, the point Libra 
will be in the western part thereof : and the sun will 
appear to be setting to the inhabitants of Lon<lon and 
to all places under the same meridian ; let the globe be 
now turned gently on its axis towards the east, the sun 
will appear to move towards the west, and, as the dif* 
ferent places successively enter the dark hemisphere, 
the sun will appear to be setting in the west. Continue 
the motion of the globe eastward, till London comes to 
the western edge of the horizon ; the moment it emerges 
above the horizon, the sun will appear to be rising in the 
east. If the motion of the globe on its axis be contin- 
ued eastward, the sun will appear io rise higher and 
higher, and to move towards the west ; when London 



* In this problem, as in all others where the pole is elevated to the 
Bun^s declination, the sun is supposed to be fixed, and^ihe earth to move 
on its axis from west to east. The author of this work has a little brass 
bail made to represent the sun ; this ball is fixed upon a telescope, fhe 
socket is made to screw upon the brass meridian (of any globe) over the 
sun's declination, and the little bra^s ball, representing the sun, stands 
over the declination, at a considerable distance from the globe. 
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pomeB to the brass meridiaii, the sun will oippear at its 
greatest height ; and after Loadon has passed the brass 
jBeridiaa, he will cootiDue hie apparent BM>tion westward^, 
and gradually diminish in altitude till London comes to 
the eastern part of the horizon, when he will again be 
letting. During this revolation of the earth on its axiS) 
every place on its surface has been twelve hours^ in the 
jdark hemisphere, and twelve hours in the enlightened 
liemisphere; consequently, the days and nights are eqnal 
all over the world ; for alt the parallels of latitude are 
idivided into two equal parts by the horizon, and iq eve- 
ry degree of latitude there are six meridians between 
the eastern pa^t of the horizon and the brass meridian ; 
leach of these meridians answers to one hour, hence, half 
the length of the day ts sixhours,and the whole length 
twelve hours. 

If any place be brought to the brass meridian, the 
number of degrees between that place and the horizon 
(reckoned the nearest way) will be the sun's meridiaii 
altitude. Thus, if London be brought to the meridian, 
the sun will then appear exactly south, and its altitud<» 
will be 38| degrees ; the sun's meridian altitude at Phi-^ 
ladelphia will be 50 degrees ; his meridian altitude at 
Quito 90 degrees ; and here, as in every place on the 
equator, as the globe turns on its axis, the sun will be 
vertical. At the Cape of Good Hope the sun will ap- 
pear due north at noon, and his altitude will be 55^- de- 
grees. 

2. For the Summer Solstice. — ^The summer solstice, tp 
the inhabitants of north latitude, happens on the 21st of 
June, when the sun enters Cancer, at which time his de* 
ctination is 23^ 28' north. Elevate the north pole 23| 
degrees above the northern point of the horizon, bring 
the sign of Cancer in the ecliptic to the brass meridian, 
and over that degree of the brass meridian under which 
this sign stands, let the sun be supposed to be fixed at a 
considerable distance from the globe- 

While the globe remains in this position, it will be 
seen that the equator is exactly dividied into two equal 
pacts, the equinoctial point Ames being in the western 
part of the horizon, ana the opposite point Libra- in the 
eastern part, and between the horizon and the brasff mer 
ridian (counting on^ the equator) tbi^irear^ six.meci^ian^ 
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€acb fifteen degrees, or an hour apart, coBseqiieDtljry the 
daj at the equator U twelve hours long. From the e- 
quator northward, as far aa the Arctic circle, the diurnal 
arcs will exceed the nocturnal arcs ; that is, more than 
<uie half of any of the parallels of latitude will be above 
the horizon, and of course less than one half will be be* 
low, so that the days are longer than the nif^ts. All 
the parallels of latitude within the Arctic circle will be 
wholly above the horizon, consequently, those inhabitants 
will have no night. From the equator southward, as 
far as the Antarctic circle, the nocturnal arcs will exceed 
the diurnal arcs : that is, more than one half of any one 
of the parallels of latitude wilt be below the horizon, 
and consequently less than one half will be above. All 
the parallels of latitude within the Antarctic circle will 
be wholly below the horizon, and the bhabitants, if any, 
will have twilight or dark night. 

From a little attention to the parallels of latitude while 
the globe remains in this position, it will easily be seen 
that the arcs of those parallels which are above the ho- 
rizon, north of the equator, are exactly of the same length 
as those below the horizon, south of the equator; conse- 
quently, when the inhabitants of north latitude have the 
longest day, those in south latitude have the longest 
night. It will likewise appear, that the arcs of those 
parallels which are above the horizon, south of the e* 
quator, are exactly of the same length as those below 
the horizon north of the equator ; therefore, when the 
inhabitants who are situated south of the equator have 
the shortest days, those who live north of the equator 
have the shortest nights. 

By counting the number of meridians (supposing them 
to be drawn through every fifteen degrees of theequa* 
tor) between the horizon and the braes meridian on any 
parallel of latitude, half the length of the day will be de- 
termined in that latitude, the double of which is the 
length of the day. 

1. In the parallel of 20 degrees north latitude, there 
are six meridians and two thirds more, hence, the long- 
est day is 13 hours and 20 minutiea ; and, in the parallel 
of 20 degreea south latitude, there are five meridians and 
one tibird, hence, the shortest day ia< that latitude, is ten 
^oiurs and forty mintttes. 
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2. In the parallel of 30 degrees Dorth latitude, there 
are seven meridians between the horizon and the brass 
meridian, hence, the longest day is 14 hours; and in 
the same degree of south latitude, there are only five 
meridians, hence, the shortest day in that latitude is ten 
hours. 

3. In the parallel of 50 degrees north latitude there 
are eight meridians between the horizon and the brass 
meridian ; the longest day is therefore sixteen hours ; 
and in the same degree of soulh latitude there are on- 
ly four meridians ; hence, the shortest day is eight 
hours. 

4. In the parallel of 60 degrees north latitude, there 
are 9| meridians from the horizon to the brass meridian, 
hence, the longest day is 18|- hours ; and, in the same de- 
gree of south latitude there are only 2| meridians, the 
length of the shortest day is therefore 5^ hours. 

By turning the globe gently round on its axis from 
west to east we shall readily perceive that the sun will 
be vertical to all the inhabitants under the tropic of Can- 
cer as the places successively pass the brass meridian. 

If any place be brought to the brass meridian, the 
number of degrees between that place and the horizon 
(reckoned the nearest way) will show the sun's meridian 
altitude. Thus, at London, the i^n's meridian altitude 
will be found to be about 62 degrees ; at Petersburg 
54^ degrees, at Madrid 73 degrees, &c. To the inhabi- 
tants of these places the sun appears due south at noon. 
At Madras the sun's meridian altitude will be 79| de- 
grees, at the Cape of Good Hope 32 degrees, at Cape 
Horn 10| degrees, &c. The sun will appear due north 
to the inhabitants of these places at noon. If the south- 
em extremity of Spitzbergen, in latitude 76|- north, be 
brought to that part of the brass meridian, which is num- 
bered from the equator towards the poles, the sun's 
meridian altitude will be 37 degrees, which is its great- 
est altitude ; and if the globe be turned eastward twelve 
hours, or tiH Spitzbergen comes to that part of the brass 
meridian which is numbered from the pole towards the 
equator, the sun's altitude will be 10 degrees, which is 
its least altitude for the day given in the problem. It 
was shown, in the foregoing part of the problem, that, 
when the sun is vertical over the equator in the vernal 
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equinoXi the north pole begins to be enlightened, conse- 
quentlj) the farther the sun apparently proceeds in his 
course northward, the more daj-light will be diffused 
over the north polar regions, and the sun will appear 
gradually to increase in altitude at the north pole, till the 
21 st of June, when his greatest height is 23| degrees ; 
he will then gradually diminish in height till the 23d of 
iSeptember, the time of the autucnnal equinox, when be 
will leave the north pole and proceed towards the south ; 
consequently, the sun has been visible at^the north pole 
for six months. 

3. For the Winter 8ol8tice^*The winter solstice, to the 
inhabitants of north latitude, happens on the 21st of De- 
cember, when the sun enters Capricorn, at which time 
his declination is 23^ 28^ south. Elevate the south pole 
23^ degrees above the southern point of the horizon, 
bring the sign of Capricorn in the ecliptic to the brass 
meridian, and over that degree of the brass meridian un- 
der which the sign stands, let the sun be supposed to be 
fixed at a considerable distance from the globe. 

Here, as at the summer solstice, the days at the equa- 
tor will be 12 hours long, but the equinoctial point 
Aries will be in the eastern part of the horizon, and Libra 
in the western. From the equator southward, as far as 
the Antarctic circle, the diurnal arcs will exceed the 
nocturnal arcs. All the parallels of latitude within the 
Antarctic circle will be wholly above the horizon. From 
the equator northward, the nocturnal arcs will exceed 
the diurnal arcs. All the parallels of latitude within 
the Arctic circle will be wholly below the horizon. The 
inhabitants south of the equator will now have their 
longest day, while those on the north of the equator will 
have their shortest day. 

As the globe turns on its axis from west to east, the 
sun will be vertical successively to all the inhabitants 
under the tropic of Capricorn. By bringing any place 
to the brass meridian, and finding the sun's meridian al- 
titude (as in the foregoing part of the problem,) the 
greatest altitudes will be in south latitude, and the least 
in the north ; contrary to what they were before. Thus, 
at London, the sun's greatest altitude will be only 15 
degrees, instead of 62; and his greatest altitude at Cape 
Horn will now be 57^ degrees, instead of 10|, as at the 
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suntner sobf ice ; hence, it appears, that the difference 
between the sun's greatest and least meridian altitude at 
any place in the temperate zone, is equal to the 
breadth of the torrid zone, viz. 47 degrees, or more cor- 
rectlj AeP 56'. On the 23d of September, when the 
sun enters Libra, that is, at the time of. the autumnal e- 
quinov, the south pole begins to be enlightened, and, aa 
the sun's declination increases southward, he will shine 
farther over the south pole, and gradually increase in al- 
titude at the pole ; for, at all times, his altitude at either 
pole is equal to his declination. On the 21 st of Decern* 
ber the sun will have the greatest south declination, after 
which his altitude at the south pole will gradually di- 
minish as his declination diminishes ; and on the 21st of 
March, when the sun's declination is nothing, he will ap- 
pear to skim along the horizon at the south pole, and 
Kkewise at the tiorth pole ; the sun has therefore been 
visible at the south pole for six months. 

PROBLEM XXII. 

To flau the globe in the same aUwUionf with respect 
io the Polar Star in the heavens^ as our earth is to 
the inhabitants of the equatoff &c. vis* to illustrate 
the three posUions of the sphere^ Right Parallelj and 
Oblique, so as to show the comparative length of the 
longest and shortest days.* 

1. For the Right Sphere. — ^The inhabitants who 
live upon the equator have a right sphere, and the north 
polar star appears always in (or very near) the horizon- 
Place the two poles of the globe in the horizon, then 
the north pole will correspond with the north polar star, 
and all the heavenly bodies will appear to revolve round 
the earth from east to west, in circles parallel to the 
equinoctial, according to their different declinations : 



* In this problem, and in all others where the pole is elevated to 
the latitude of a given place, the earth is sapposed to be fixed, and the 
nm to move round it from east to west. When the given place is 
brought to the bra»» meridian, the wooden horison is the true rational" 
horieon of tliat place, but it does not separate the enllghteni^d part Of 
the globe liRmi thedark partrseia thspnMsdipgpiebleak 
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one half of the starry heavens will be constantly above 
Che horizon, and the other half below, so that the stara 
will -be visible for twelve hours, and invisible for the 
same space of time; and, in the course of a year, an in- 
habitant upon the equator may see all (he stars in the 
heavens. The ecliptic being drawn on the terrestrial 
globe, young students are often led to imagine that the 
8un apparently moves daily round the earth in the same 
oblique manner. To correct this false idea, we must 
suppose the elliptic to be transferred to the heavens, 
where it properly points out the sun's apparent annual 
path amongst the fixed stars. The sun s diurnal path 
IS either over the equator, as at the time of the equinox- 
es, or in lines nearly parallel to the equator : this may 
be correctly illustrated by fastening one end of a piece 
of packthread upon the point Aries on the equator, and 
winding the packthread round the globe towards the 
right hand, so that one fold may touch another, till you 
come to the tropic of Cancer ; thus you will have a cor- 
rect view of the sun's apparent diurnal path from the 
yernal equinox to the summer solstice ; for, after a diur- 
nal revolution the sun does not come to the same point 
of the paraHefl whence it departed, but, according 
as it approaches to, or recedes from the tropic, is a little 
above or below that point. When the sun is in the 
equinoctial, he will be vertical to all the inhabitants upon 
the equator, and bis apparent diurnal path will be over 
that line ; when the sun has ten degrees of north decli- 
nation, his apparent diurnal path will be from east to 
west nearly along that parallel. When the sun has ar- 
rived at the tropic of Cancer, his diurnal path in the 
heavens will be along that line, and he will be vertical to 
all the inhabitants on the earth in latitude 23^ 28' north. 
The inhabitants upon the equator will always have 
12 hours day and twelve hours night, notwithstanding 
the variation of the sun's declination from north to south, 
or from south to north ; because the parallel of latitude 
which the sun apparently describes for any day will al- 
ways be cut into two equal parts by the horizon. The 
greatest meridian altitude of the sun will be 90^, and the 
least 66^ 32^ During one half of the year, an inhabi- 
tant op the equator will see the sun full north at noouy 
and during the other half it will be full south. 

27 
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2. For the Parallel Sphere.— The inhabrtanCs (if 
anj) who live at the north pole have a parallel sphere, 
and the north polar star in the heavens appears exactly 
(or very nearly) over their heads. Elevate the aorth 
pole ninety degrees above the horizon, then the equator 
will coincide with the horizon, and all the parallels of 
latitude will be parallel thereto. In the summer half 
year, that is from the vernal to the autumnal equinox, 
the sun will appear above the horizon, consequently, 
the stars and planets will be invisible during that peri- 
od. When the sun enters Aries, on the 21st of March, 
he will be seen by the inhabitants of the north pole (if 
there be any inhabitants) to skim just along the 
edge of the horizon ; and, as he increases is declination, 
he will increase in altitude, forming a kind of spiral as 
before described, by wrapping a thread round the globe. 
The sun's altitude at any particular hour is always 
equal to his declination. The greatest altitude the sun 
can have is 23^ 28% at which time he has arrived at 
the tropic of Cancer ; after which he will gradually de- 
crease in altitude as his declination decreases. When 
the sun arrives at the sign Libra, he will again appear 
to skim along the ledge of the horizon, after which he 
will totally disappear, having been above the horizon 
for six months. Though the inhabitants at the north 
pole will lose sight of the sun a short time after the au- 
tumnal equinox, yet the twilight will continue for nearly 
two months; for the sun will not be 18? below the ho- 
rizon till he enters the 20th of Scorpio, as may be seea 
by the globe. 

After the sun has descended 18° below the horizon, 
all the stars in the northern hemisphere will become 
visible, and appear to have a diurnal revolution round 
the earth from east to west, as the sun appeared to have 
when he was above the horizon. These stars will not set 
during the winter half of the year ; and the planets, when 
they are in any of the northern signs, will be visible. 
The inhabitants under the north polar star have the 
moon constantly above their horizon during fourteen 
revolutions of the earth on its axis, and at every full 
moon which happens from the 23d of September to the 
21 St of March, the moon is in some of the northern signs, 
and consequently, visible at the north pole ; for the 
sun being below the horizoa at that time, the moon must 
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he above the horizon, because she is always in (hat sign 
which is 4)iaaietrically opposite to the son at the time 4)f 
full moon. 

When the sun iskt his greatest depression below the 
horizon, being then in Capricorn, the moon is at her 
first quarter in Aries : full in Cancer : and at her third 
quarter in Libra : and as the beginning of Aries is the 
rising point of the ecliptic, Cancer the highest, and Libra 
the setting point, (he moon rises at her first quarter in 
Aries, is most elevated above the horizon and full in 
Cancer, and sets at the beginning of Libra in her third 
quarter ; having been visible for fourteen revolutions of 
the earth on its axis, viz. during the moon's passage 
from Arieti to Libra. Thus the north pole is supplied 
ene half of the winter time with constant moonlignt in 
the sun's absence ; and the inhabitants only lose sight 
of the moon from her third to her first quarter, while 
she gives but little light, and can be of little or no ser» 
vice to them. 

3. For (he Oblique Sphere. — Whenever the terres- 
trial globe is placed in a proper situation with respect 
to the fixed stars, the pole must foe elevated as many 
degrees above the horizon as are equal to the latitude 
of the given place, and the north pole of the globe must 
point to the north polar star in the heavens ; for in sail** 
ing, or travelling from the equator northward, the north 
polar star appears to rise higher and higher. On the equa^ 
tor it will appear in the horizon ; in ten degrees of north 
latitude it will be ten degrees above the horizon ; in twen- 
ty degrees of north latitude it will be twenty degrees a* 
bove the horizon ; and so on, always increasing in altitude 
as the latitude increases. Every inhabitant of the earth, 
except those who live upon the equator, or exactly un- 
der the north polar star, has an oblique sphere, viz. the 
equator cuts the horizon obliquely. By ele^rating and 
depressing the poles, in several problems, a young stu- 
dent is sometimes led to imagine that the earth's axis 
moves northward and southward just as the pole is. rais- 
ed or depressed : this is a mistake, the earth's axis has 
no such motion.^ In travelling from the equator north«- 



* The earth'« axis hai a kindl of libntifig motioii, called the nnta- 
Aion, but this cannot be repreiented by elevating or depressing lbs 
pofe. 
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ward, our horizon varies ; thua» when we are on the 
eqaalor, the northern point of our horizon ia exactlj op- 
posite the north polar star ; when we have traTelled to 
ten degrees north latitude, the north point of our horizon 
is ten degrees below the pole, and so on : now, the wood- 
en horizon on the terrestrial globe is immovable, other- 
wise it ought to be elevated or depressed, and not the 
pole ; but whether we elevate the pole ten degrees 
abof e the horizon, or depress the north point of the 
horizon ten degrees below the pole, the appearance will 
be exactly the same. 

The latitude of London is about 51^ degrees north ; 
if London be brought to the brass meridian, and the 
north pole be elevated 51^ degrees above the north 
point of the wooden horizon, then the wooden horizon 
will be the true horizon of London ; and, if the artificial 
globe be placed exactly north and south by a mariner's 
compass, or by a meridian line, it will have exactly the 
position which the real globe has. Now, if we imagine 
fines to be drawn through every degree^ within the 
torrid zone, parallel to the equator, they will nearly 
represent the sun's diurnal path on any given day. 
By comparing these diurnal paths with each other, they 
will be found to increase in length from the equator 
northward, and to decrease in length from the equ^dor 
southward ; consequently, when the sun is north of the 
equator, the days are^ increasing in length ; and when 
south of the equator, the days are decreasing. The 
sun's meridian altitude for any day may be found by 
counting the number of degrees from the parallel in 
which the sun is on that day, towards the horizon, upoii 
the brass meridian ; thus, when the sun is in that paral- 
lel of latitude which is ten degrees north of the equator, 
his meridian altitude will be 48^ degrees. Though the 
wooden horizon be the true horizon of the given place, 
yet it does not separate the enlightened hemisphere of 
the globe from the dark hemisphere, when the pole is 
thus elevated. For instance, when the sun is in Aries^ 
and London at the meridian, all the places on the globe 
above the horizon, beyond those meridians which^pasa 



* Sueh tines Alt drawn an Adams' glares. 
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through the east and west points thereof, reckoning 
towards the north, are in darkness, notwithstanding they 
are above the horizon ; and all places below the hori- 
zon, between those same meridians and the southern 
point of the horizon, have day-light notwithstanding they 
are below the horizon of London. 

PROBLEM XXnL 

The month and day of the month being givent to find 
all places of the earth where the sun is vertical on 
that day ; those places where the sun does not set, 
and those pktces where he does not rise on the given 
day. 

Rule. Find the son's declination (by ProblemXX.) 
for the given day, and mark it on the brass meridian ; 
tarn the globe round on its axis from west to east, and 
all the places which pass under this mark will have the 
sun vertical on that day. 

Secondly. Elevate the north or south pole, accor- 
ding as the sun's declination is north or south, so many 
degrees above the horizon as are equal to tbe sun's de- 
clination ; turn the globe on its axis from west to east ; 
then, to those places which do not descend below the 
horizon, in that frigid zone near the elevated pole, the 
sun does not set on the given day : and to those places 
which do not ascend above the horizon, in that frigid 
zone adjoining to the depressed pole, the sun does not 
rise on the given day. 

OK, BY THE ANALEMMA. 

Bring the analemma to that part of th^ brass meridi- 
an which is numbered from the equator towards the 
poles, the degree directly above the day of the month, 
on the brass meridian, is the sun's declination. Elevate 
the north or south pole, according as the sun's declina- 
tion is north or south, so many degrees above the hori- 
zon as are equal to the sun's declination ; turn the globe 
on its axis from west to east, then to those places which 
pass under the sun's declination on the brass meri- 
dian, the sun will be vertical ; to those places (in that 
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frigid zone near the elevated pole) whick do not go be* 
loir the horiason, the sun does not set ; and to those pla- 
ces (in that frigid xone near the depressed pole) which 
do not come above tiie horizon, the sun does not rise on 
the given day. 

Examples. I. Find all the places of the earth where 
the sun is vertical on (he 11th of May, those places in 
the north frigid zone where the snn does not set, and 
those places in the south frigid zone where he does not 
rise. 

Answer. The ran is vertical st St. Anthony, one of the Cape Terd 
fidands, the Virgin Islands, south of St. Domingo, Jamaica, Golconda, 
&c. All places within eighteen degrees of the north pole will have 
constant day ; and those (if any) within eighteen deg^es of the*80uth 
pole will have constant night. 

2. Does the sun shine over the north or south 
pole on the 27th of October ? To what places will he 
be vertical at noon i What inhabitants of the earth will 
have the sun below their horizon during several revolu- 
tions, and to what part of the globe will the sun never 
set on that day i 

3. Find all the places of the earth where the inhabi- 
tants have no shadow when the sun is on their meridian, 
on the&rstof June? 

4. What inhabitants of the earth have their shadows 
directed to every point of the compass, during a revolu- 
tion of the earth on its axis, on the 15th of July ? 

5* How far does the sun shine over the south pole on 
the 14th of November i What places in the north frigid 
zone are in perpetual darkness ? And to what places is 
the sun vertical I 

6. If the sun be vertical at any place on the 15th of 
April, how many days will elapse before he is vertical 
a second time at that place i 

7. If the suti be vertical at any place on the 20th of 
Aogust, how many days will elapse before he is vertical 
a second time at that place ? 

8. Find all places of the earth where the moon 
wiH be vertical on the 15th of May, 1813.^ 



* To perfom this example, find the moon's declination on the given 
day in the Nautical Almanac, or White's Bphemeris, and mark it on 
the brass meridian, all places passing under that degree of decliaatioi| 
wiH hare the moon vertical, or nearly so, on the given day. The moon*0 
declination at midnight on the 15th of May, 1813, is 15° W south. 
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PROBLEM XXIV. 

A place being given in the torrid soney to find those 
two days of the year on which the sun will be vertical 
at that place. 

Rule. Bring the given place to that part of the brass 
meridian which is numbered from the equator towards 
the poles, and mark its latitude ; turn the globe on its 
axis, and observe what two points of the ecliptic pass 
under that latitude ; seek those points of the ecliptic in 
the circle of signs, on the horison^ and exactly against 
Ihem, in the circle of months, stand the days required. 

OR, BTTHE ANALEMMA. 

Find the latitude of the given place (by Problem I.) 
and mark it on the brass meridian ; bring the analemma 
to the brass meridian, upon which, exactly under the 
latitude, will be found the two days required. 

Examples. 1. On what two days of the year will the 
sun be vertical at Madras ? 

Answer. On the £5th of April and on the 18th of Aagust. 

2. On what two days of the year is the sun vertical at 
the following places ? 

OVhy'hee St. Helena Sierra Leone 

Friendly Isles Rio Janeiro Vera Cru2 

Straits of Alass Q,uito Manilla 

Penang Barbadoes Tinianlsle 

Trincomale Porto Bello Pelew Islands 

PROBLEM XXV. 

The month ^and the day of the month being given (at 
any place not in the frigid sones^) to find what other 
day of the year is of the same length. 

Rule. Find the sun'splace in the ecliptic for the 
given day (by Problem XX.) bring it to the brass me* 
ridian and observe the degree above it ; turn the globe 
on its axis till some other point of the ecliptic falls un« 
der the same degree of the meridian ; find this point of 
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the ecliptic on the horizon, and directlj against it jou 
will &nd the day of the month required. 
This problem may be performed by the celestial globe ia the tame 



OR, BY THE ANALEMftlA. 

Look for the given day of the month on the analemma, 
and adjoining to it yoa will find the required day of the 
month. 

OR, WITHOUT A GLOBE. 

Any two days of the year which are of the same 
length, will be an equal number of days from the longest 
or shortest day. Hence, whatever number of days the 
given d^y is before the longest or shortest day, just so 
many days will the required day be after the longest or 
shortest day, et contra. 

Examples. 1 . What day of the year is of the same 
length as the 25th of April ? 

Answer. The ISth of August. 

2. What day of the year is of the same length as the 
25th of May? 

3. If the sun rise at four o^clock in the morning at 
London on the 17th of July, on what other day of the 
year will he rise at the same hour f 

4. If the sun set at seven o'clock in the evening at 
London on the 24th of August, on what other day of the 
year will he set at the same hour ? 

5. If the sun's meridian altitude be 90^ at Trinco- 
male, in the island of Ceylon, on the 12th of April, on 
what other day of the y^ar will the meridian altitude be 
the same i i 

6. If the sun's meridian altitude at London, on the 
25th of April, be 51^ 35% on what other day of the year 
will the meridian altitude be the same ? 

PROBLEM XXTI. 

The month, day, and hour of the day being given^ lo 
find where the sun is vertical at that instant. 

Rule. Find the sun's declination (by Problem XX..} 
and mark it on the brass meridian ; bring the given 
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place to the brass meridian, and set the index of the hour 
circle to twelve ; then, if the given time be before noon^ 
turn the globe westward as many hours as it wants of 
noon ; but, if the given time be past noon, turn the globe 
eastward as manj hours as the time is past noon ; the 
place exactly under the degree of the sun's declination 
will be that sought 

Examples. 1. When it is forty minutes past six 
o'clock in the morning at London on the 25th of April, 
where is the sun vertical i 

Answer. Here the given tiitte U Sve hcmn twenty niinatcs before 
noon ; bence, the globe muft be turned towards the west till the index 
bas passed over five hours and twenty minutes,* and under the sun's de> 
Gliaation, on the brass meridian, you will find Madras, the plai^ required. 

2. When it is four o'clock in the afternoon at London, 
on the 18th of August, where is the sun vertical ? 

Answer. Here the given time is four hours past noon ; henoe, the 
ciobemustbe turaed towards the east, till the index luispaMed over 
four hours ; then under the sun»s declination, you will find Barbadoet« 
the place required. . . • . .t a 

3. When it is three o'clock m the aRemoon at Lon- 
doD, on the 4th of January, where is the sun vertical ? 

4. When it is three o'clock in the morning at Lon- 
don, on the 11th of April, where is the sun vertical ? 

5. When it is thirty -seven minutes past one o'clock In 
the afternoon at the Cape of Good Hope, on the 5th of 
February, where is the sun vertical ? 

6. When it is eleven minutes past one o'clock in the . 
afternoon at London, on the 29th of April, where is the 
sun vertical i 

7. When it is twenty minutes past five o'clock in the 
afternoon at Philadelphia^ on the 18th of May, where is 
ihe sun vertical ? 

8. When it is nine o'clock in the morning at Calcutta, 
on the 11th of April, where is the sun vertical ? 



• If the hour cirde be not divided to twenty minutes, turn the globe 
westward till the index has ipassed over five hours and a quarter ; then 
hy taming it a degree and a quarter farther to the west (nswerlng to 
ifpmia^aeaftiraB) the solution wittbe euet. Seethe noteto the 
nextptoblcBi. The degrees must be counted on the equator. 

28 
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PROBLEM XXVH. 



The monthf day^ and hour of the day ai anyplace being 
given, to find all those places of the. earth where the 
sun is rising, those places where the sun is settiiigf 
those places tluU have noon, that particular place 
where the sun is vertical, those places that have mom- 
ing twilight, those places that have evening twilight, 
aiSi those places that have midnight. 



Rule. Find the 8un*8 declination (by Problem XX.) 
and mark it on the brass meridian ; elevate the north or 
south pole, according as the sun's declination is north or 
south, so many degrees above the horizon as are equal 
to the sun's declination ; bring the given place to the 
brass meridian, and set the index of the hour circle to 
twelve ; then, if the given time be before noon, turn the 
globe westward as many hours as it wants of noop ; but^ 
if the given time be past noon, turn the globe eastward 
as many hours as the time is past noon ; keep the globe 
in this position ; then all places along the western edge 
of the horizon have the sun rising ; those places along 
the eastern edge have the sun setting ; those under the 
brass meridian, above the horizon, have noon ; that par- 
ticular place which stands under the sun's declination on 
the brass meridian has the sun vertical; all places below 
the western edge of the horizon, within eighteen degrees, 
have morning twilight ; those places which are below the 
eastern edge of the horizon, within eighteen degrees, 
have evening twilight ; all places under the brass meri- 
dian, below the horizon, have midnight ; all the places a- 
bove the horizon have day, and those below it have night, 
or twilight. 

Examples. 1. When it is fifty-two minutes past four 
o'clock in the morning at London, on the fifth of ]l|jurch» 
find all places of the earth where the sun is rising, set* 
ting, &c. 

Answer. The inn's declination will be found to be 6|^ south ; ther^ 
fore, elevate the south pole 6i« above the horiaon. The given time be- 
ing seven hours eight minutes before noon (aslf h. —4 h. 52 m.) th« 
globe nnist be turned towards the west till the index has passed ovfr 
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imren boon eight mimitos.* Let tlie globe be fixed in thif potitioii ; 
then, 

The cmn is rising at the western part of the White Sea, Petersburg, 
the Moreain Turkey, &e. 

Setting at the eastern coast of Kamtschatica, Jesns island, PalmersUm 
ialand, &c. between the Friendly and Society islands. 

Noon at the lake Baikal in Irkoatsk, Cochin China, Cambodia, Sun- 
da islands, kc 

Vertical at BaUvia. 

Meming twilight at Sweden, fwrt of Germany, the soothem part of 
Italy, Sicily, the western coast of Africa along the Ethiopian Ocean, 

Evening twilight at the north west extremity of North America, 
the Sandwich Islands, Society ialands, Stn 

Midnieht at Labrador, Kew-Tork, western part of St. Domingo, 
Chili, and the western coast of South America. 

Bay at the eastern part of Russia in Europe, Turkey, Egypt, the 
Cape of Good Hope, and all the eastern part of Africa, dmost the 
whole of Asia, &e. 

Night at the whole of North and South America, the western pari 
of Africa, The British bles, France, Spain, Portu|pd. fte* 

2. When it is four o'clock in (he iS'lernoon at Lon- 
don, on the 25th of April, where is the sufi rising, i^et^' 
tin^, &c« &c. ? 

Answer. The sttn*s declination being iS** north, the north pole must 
be elevated 15* above the horison ;t and as the given Ume is four 
oMock in the afternoon, the globe must be turned four hours towards 
the east : then the sun will be rising at O'why'hee, &c setting at the 
Cape of Good Hope, &c. it will be noon at Buenos Ayres, kc ; the sun 
^Ul be vertical at Barbadoes; and folk>wing the directions in the prob- 
lem, all the other places are readily found. 

3. When it is ten o'clock in the morning at London, 
on the longest day, to what countries is the sub rising, 
setting, &c. &c. ? 

4. When it is ten o'clock in the afternoon at Botany 
Bay, on the 15th of October, where is the sun rising, set* 
ting, &C.&C.? 

5. When It is seven o'clock in the morning at Wasfa^ 
ington, on the 17th of February, where is the son rising, 
aietting, &c. &c. ? 



* The hoar circles, in nneral, are not divided into parts less than 
• <|unrter of an hour, but Ae odd minutes are easily reckoned. In this 
example having turned the globe westward till the index has passed 
over seven hours } then, because four minutes of time make one degree, 
reckon two degrees oil the equator eastward, and turn the globe till 
they pass under .the brass meridian. 

t If the hour cirde of the globe be placed above the brass meridian, 
it most be unscrewed and removed from the pole ; the hours may then 
be counted on the equator.-*>See the note to definition 18, page 9. 
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6. When it ki midoight at the Cape of Good Hope, 
on the 27th of July, irhere is the snn rising, settiog, 

FROBIiEaf xxvnL 

To And the tlvu of the muCs rising and aetUng^ and 
tie length of the day and nigJU at any place. 

Rule. Find the sun's declination (by Problem XX.) 
and elevate the north or south pole, according as the de* 
clination is north or south, so many degrees above the 
horison as are equal to the sun's declination ; bring the 
given place to the brass meridian, and set the index of 
the hour circle to twelve ; turn the globe eastward till 
the given place comes to the eastern semi-chrcle of the 
horison, and^the number of hours passed over bv the index 
will be the time of the sun's setting : deduct these hours 
from twelve, and you have the time of the sun's rising ; 
because the sun rbes as many hours ^before twelve as it 
sets after twelve. Double the time of the sun's setting 
pives the length of the day, and double the time of ris- 
mg gives the length of the night. 

Bv thm mam rale, Ibe Itngtli of UeloBgAft daj^ frit all placet aol la 
the frigid sonea, may be readily fouad : for the loosest day at allp]»* 
oe» ia north latitude If oo the SlU of June, or when the tun eaters Can- 
eer : and tlie lonaert day at all p!aoe« in lonth latitude is on the aitt of 
Seocnber, or WMn the lun eaten the lign Capricorn* 

OB, 

Find the latitude of the given place, and elevate the 
north or south pole^ according as the latitude is north or 
south, so many degrees above the horiason as are equal 
to the latitude ; find the sun's place in the ecliptic (by 
Problem XX.) bring it to the brass meridian, and set 
the index of the hour circle to twelve ; turn the globe 
westward till the sun's place comes to the western semi- 
circle of the horison, and the number of hours passed 
over by the index will be the time of the sun's setting ; 
and these hours tal^en from twelve will give the ti^ne 
of rising : then, as before, doable the time of setting 
[^ves the length of the day, and double the time of risinf; 
gives the length of the night. 
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OB, 8Y THE ANAUSMMA. 

Find the latitude of the given place, and elevate the 
Dortb Qr goMth poley according aa the latitude is north or 
aouthy the same number of degi^ees above the horiaoii ; 
bring the middle of the analemma to the brass meridian, 
and set the index of the heur circle to twelve ; turn the 
globe westward till the day of the month on the analem- 
ma comes to the western semi-circle of the horiaon, and 
the number of hours passed over by the index, will be 
the time of the sun'a settii^, &c. as above. 

Examples. 1. What time does the sun rise and set 
at London on the Ist of June, and what is the length of 
the daj and night ? 

Answer. Tlia san wtf at 8 nin. past 8, and rifet 5f min. past 5. 



ihe length of the day it 16 hours 16 minutes, and the iength of the night 
T hours 44 miuutes. The learner will readily perceive tnat, if the time 
at which the son rises be given, the time at which it sets, together with 
the length ef the day and n^hi, may be feand witboat a globe ; if the 
length of the day be given, the length of the nij^t, and the time the 
sun rises and sets, may be found ; if the length of the night be given^ 
the length of the day and the time the sun rises and sets are easily 
known 

2. At what time does the suA rise and set at th« 
following places, on the respective dajs meationed, and 
what is the length of the day and night I 



London, 17th of Mar 
Gibraltar, 22d of July 
Edinburgh, 29th January 



Pekin, 20th April 



Cape of Oood Hope, 7 Dec. 
Cape Horn, 29th January 
Washington, 15th December 



Botany Bay, 20th Feb'ry Petersburg, 84th October 



Constantinople, 18th August. 



3. Find the time the sun rises and sets at every place 
on the surface of the globe, on the 21st of March, and 
likewise on the 23d of September. 

4. Required the length of the longest day and short-> 
est night at the following places : 

London Paris Pekin 

Petersburg Vienna Cape Horn 

Aberdeen Berlin Washington 

DuUia BoesosAyrea Cape of Good Hope 

Glasgow Botany Bay Copenhagen* 

Required the length of the shortest day and longest- 
night at the following places : 
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Londoo Lima Paris 

Archaogel Mexico O'whj'kee 

O Taheitee 8t. Heleoa Lisbon 
Quebec Alexandria Falkland IsMndi. 

6. How much longer is the 21st of June at Peters* 
barg than at Alexandria i 

7. How miich longer is the 21st of December at Alex- 
andria than at Petersburg ? 

8. At what time does the sun rise and set at Spitz- 
bergen on the 5th of April i 

BROBLEN XKUL 

The Uu^th of the day ai any place being given^ to find 
the sun^s declination^ and the day of the month. 

Rule* Bring the given place to the brass meridian, 
and set the index to twelve ; turn the globe eastward till 
the index has passed over as many hours as are equal to 
half the length of the day i keep the globe from revolv- 
ing on its axis, and elevate or depress one of the poles» 
till the given place exactly coincides with the eastern 
semi-circle of the horizon ; the distance of the elevated 
pole from the horizon will be the sun*s declination : mark 
the son's declinatioo» thus found, on the brass meridian: 
turn the globe on its axis, and observe what two points 
of the ecliptic pass under this mark ;.8eek those points 
in the circle of signs on the horizon, and exactly against 
them, in the circle of months, stand the days of the 
months required. 

OR, 

Bring the meridian passing through Libra'*' to coincide 
with the brass meridian, elevate the pole to the latitude 
of the place, and set the index of the hour circle to 
twelve ; turn the globe eastward till the index has pass- 
ed over as many hours as are equal to half the length of 
the day, and mark where the meridian, passing through 



* Any neridian wiU aacwer the pnrpote, and the globe may be turn- 
ed either eaitward or westward ; but it if the mott convenient to turn 
ii eastward, teeanie the bran meridiaB hi gradoated on the aast tide. 
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Ifibta, is cut bj tlie eastern seaii-circle ei die hwiaon ; 
bring this, mark to tlie. brass meridiaDi^ and the degree 
above it is tlie sun's declination ; irith irliich proceed as 
above. 

OR, BY THE ANALEMMib 

Bring the middle of the analemma to the brass meri- 
dian, elevate the pole to the latitude of the place, and set 
the index of the hour circle to twelve ; turn the globe 
eastward till the index has passed over sis many hours as 
are equal to half the length of the day : the two days, on 
the analemma, which are cot by the eastern semi<ircle 
of the horizon, will be the days required ; and, by bring- 
ing the analemma to the brass meridian, the sun s decli- 
nation will stand exactly above these days. 

Examples. 1. What two days in the year are each 
sixteen hours long at London, and what is the sun's de- 
clination ? 

Ajwwer. The 24tii of May and the ITth of Jaly. The wanh decli- 
natioo H about 21« north. 

2. What two days of the year are each fourteen hours 
long at London ? 

3. On what two days of the year does the sun set at 
faalf past seven o'clock at Edinburgh ? 

4. On what two days of the year does the sun rise at 
four o'clock at Petersburg i 

5. What two nights of the year are each ten hours long 
at Copenhagen i 

6. What day of the year at London is sixteen hours 
and a half long i 

PROBLEM XXX. 

To find the len^h of the longest day at any place in the 
norfJkf /rigfid sone. 

Rule. Bring the given place to the northern point of 
the horizon (by elevating or depressing the pole,) and ob- 

• If Ailami^ globes be iMed, the meridian paarinir through Libra ig 
graduated like the bran meridian, and the dedination is found at once* 

t The south frigid lone is uninhabited (at least we know of no in- 
habitants) the problem Is not applied to that xone ; liowever, the rule 
is general, reading south pf north, and Slst of Heoember for the fist 
of June. 
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•6rv« its dittuce fron the north pole on the breM 
ridian ; couot the seme namber of degrees on the braee 
meridian from the equator, towards tiM north pole, and 
mark the place where the reckoning ends ; turn the 
globe on its axis, and observe what two points of the 
ecliptic pass under the above mark ; find those points of 
the ecliptic in the circle of signs on the horizon, and ex- 
actlj against them, in the circle of months, you will find 
the days on which the longest day begins and ends. 
The day preceding the 21 st of June is that on which 
the longest day begins at the given place, and the day 
following the 21 st of June is that op which the longest 
day ends ; the space of time between these days is the 
length of the longest day. 

OR, BY TUB AHALEMMA. 

Bring the given place to that part of the brass meri- 
dian which is numbered from the north pole towards the 
equator, and observe its distance in degrees from the 
pole ; couot the same number of degrees on the brass 
meridian from the equator towards the north pole, and 
mark where the reckoning ends ; bring the andemma to 
the brass meridian, and the two days which stand under 
Ihe above mark will point out the beginning and end of 
the longest day. 

Examples. 1. What is the length of the longest day 
at the North Cape, in the island of Maggeroe, in latitude 
n<^ 30' north? 

Answer. The place ii 18|« from tbe pole ; the longest day begins 
ontliel4tbofMay,Mi4«nd8ontbeaotiiorJulyt the day It tkerefore 
eeventy-^eren days long, that It, the mn does not tet during teventy- 
seven reVolotlontof the earth on Its axis. 

2./ What is the length of the longest day in the 
Bortll of BpitaberiBcn, and on. what days does it fciegm and 
end ? 

3. What is the length of the longest day at the north- 
em extremity of Nova Zembia? 

4. What is the length of the longest day at the north 
pole, and on what days does it begin and end ? 
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^ PROBLEM XXXL 

Tojind the lengffc (^the longest nighiat any f lace in 
the nortk^ frigid sone. 

Mule. Bring the giyea place to the oorthern point 
of the horizon (by elevating or depressing the pole,) and 
observe its distance from the north pole on the brass me- 
ridian ; count the same number of degrees on the brass 
meridian from the equator towards the south pole, and 
mark the place where the reckoning ends; turn* the 
globe on its axis, and observe what two points of the 
ecliptic pass under the above mark ; find those points of 
the ecliptic in the circle of signs in the horizon, and ex- 
actly against them, in the circle of months, you will find 
the days on which the longest night begins and endK. 
The day preceding the 21st of Deceu^er is that on 
wbich the longest night begins at the given place, and 
th^ day following the 21st of December is that on which 
lh.e longest night ends : the space of time between these 
days is the length of the longest night. 

OR, m THE ANALBMMA. 

Bring the given place to that part of the brass meri« 
dian which- is numbered from the oortii pole towards the 
equator, and observe its distance in degrees from the 
pole ; count the same number of degrees on the brass 
meridian from the equator towards the south pole, and 
mark where the reckoning ends ; bring the analemma'to 
the brass meridian, and the two days which stand under 
the above mark will point out the beginning and end of 
the longest night 

Examples. 1. What is the length of the longest 
night at the North Cape, in the islilnd of Maggeroe, m 
kfitiiden^aO' north? 



* TMe problem it equally applicable to^any plB<^|^ tbe louth frigid 

29 



sone, and the rale wHl be general by reafing soutb for nortli, and nis 
eontrary ; likewisi, inrtead ef the 2trt of DMsenber readtte^lH of 

Jane. 
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Auwer. The place is 18i<» from ihe pole ; the longert night begins 
OD the l6th of November, end-ends on the 27th of January ; the night 
is therefore, seventy-three days long, that is, the sun does not rise dur- 
ing seventy-three revolutions of the earth on its axis. 

2. What is the length of the loogeat night at the north 
of Spitzbergen i 

3. The Dutch wintered in Nova Zembla, latitude 76 
degrees north, in the year 1596 : on what day of the 
month did they lose sight of the sun ; on wh^t day of the 
month did he appear again ; and how many days were 
they deprived of his appearance, setting aside the effect 
of refraction ? 

4. For how many days are the inhabitants of the 
northernmost extremity of Russia deprived of a sight of 
the sun ? 

PROHLEM XXXOr 

To find the number of days which the sun rises and sets 
at any place in the north^ frigid sone» 

Rule. Bring the given place to the northern point 
of the horizon (by elevating or depressing the pole,) and 
observe its distance from the north pole on the brass 
meridian ; count the same number of degrees on the 
brass meridian from the equator towards the poles north- 
ward and southward, and make marks where the reck- 
oning ends; observe what two points of •the ecliptic 
nearest to Aries, pass under the above marks ; these 
points will show (upon the horizon) the end of the long- 
est night and the beginning of the longest day ; during 
the time between these days the sun will rise and set 
every twenty-four hours ; nett, observe what two points 
of the ecliptic, nearest to Libra, pass under the marks 
on the brass meridian ; find these points, as before, in 
the circle of signs, and against them you will find the 
day on which the longest day ends at the given place, 
and the day on which the longest night begins ; auring 
the time between these days the sun will rise and set 
every twenty-four hours. 



* The same might be found for a place in the south frigid' sone, were 
that zone inhabit^. 
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OB, 

Fuid the length of the longest daj at the given place, 
(bjProb. XXX.) and the length of the longest night 
(by Prob. XXXL,) add these together, and subtract 
the sum from 365 days, the length of the year, the re- 
mainder will show the number of da^s which the sun 
rises and sets ^t that place. 

OR, BY THE ANALEMMA. 



Find how many degrees the given place is from the 
north pole, and mark those degrees upon the brass me- 
ridian on both sides of the equator : observe what four 
days on the analemma stand under the marks on the 
brass meridian ; the time between those two days on the 
left hand part of the analemma (reckoning towards the 
north pole) will be the number of days on which the 
sun rises and sets, between the end of the longest night 
and the beginning of the longest day ; and the time be- 
tween the two days on the right hand part of the analem- 
ma (reckoning towards the south pole) wi)l be the niim^ 
ber of days on which the sun rises and sets, between the 
end of the longest day and the beginning of the longest 
night. 

Examples. 1. How many days in the year does the 
sun rise and set at the North Cape, in the island of Mag- 
geroe, in latitude 71^ 30' north i 

Anawer. The place is IS^f from {the pole, the two points in the 
ecliptic, nearest to Aries, which pass under 18|<> on the brass meridian* 
are 8® in c^, answering to the 27th of January, and ti^ in ^ , answer<P 
log to the iith of May. Hence, the sun rises and sets for 107 days, 
viz. from the ei^d of the longest night, which happefis on the 27th of 
January, to the beginning of the longest day, which happens on the 14th 
of May. Secondly, the two points in thfs ecliptic, nearest to Libra, 
which pass under I8i« oni the brass meridian, are %° in ^ , answering to 
• -' * -^IQfNo ' 



the 50th of July, and 24° in n^, answerif^gto ^e 15t)i pf November. 
C[ence« fhesufi rises and sets fqr 108 days, viz. from the end of thelong- 
'est day, which happens on the 30th of July, to the beginning of ihe 
longest night, which happens on the 15th of November; so that ^h^ 
whole time of t^e sun's rish^g and setting is 215 days. 
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OR, THUS: 

1k^ IcMth of the loBgert day, by Bxamplt lit, Prob XXX. Is TT 
days ; thelengtii of the longest night, by Example Ist, Prob. XXXI. 
is 73 dayt ; the sum of these is 150, which deducted from d65, leaves 
fUr days as above. 

2. How many days io Ae year do€s the sun rise and 
set at the north of Spitzbergen ? 

3. How many days does the sun rise and set at Green- 
land, in latitude 75^ north ? 

4. Now many days does the sun rise and set at the 
northern extremity of Russia in Asia? 

PROBLEM XXXUI. 

Tofindinwhat degree of n&tih latiiudef on any dag 
between the 2lst of March and the 2lst of June, or in 
what degruofsouih laiUudey on any day between the 
2M of September and the 2l8t of December^ the sun 
bt^ins to shine constantly without setting ; and also 
in what latitnde in the opposite hemisphere he bcgftna 
to be totally absent. 

Rule. Find the son's decIinatioB (by Prob. XX.) 
and count the same number of degrees from the north 

{)oIe towards the equator, if the declination be north, or 
rom the south pole, if it be south, and mark the point 
where the reckoning ends ; turn the globe on its axis, 
and all places passing under this mark are those in which 
the sun begins to shine constantly without setting at that 
time : tj^e same number of degrees from the contrary 
pole win point out all the places where twilight or* totd 
darkness begins. 

Examples. I. In what latitude north, and at what 
places, does the sun begin to shine without setting, dur- 
ing several revolutions of the earth on its axis, on the 
14th of May ? 

Answer. The san's deelination is 1S|« north, therefore, aH places hi 
latHode 711* north will be the places sooght, via. the North Cape in 
Iiiq>land, the southern part of Nova ZemUa, Icy Cape, See. 

2. In what latitude south does the sun begin to shine 
without setting on the 18th of October, and in what lati; 
tude north does he begin to be totally absent ? . 



Anfwer. The sun's decUnation is 10* south, therefore, he begins to 
•hine constantly in latitude 80» south, where there are no inhabitants 
knowp, and to be totally absent in latitude 80« north, YVt. at SpiUber- 
geo. 

3. In what latitude does the enn begin to ahine with- 
out setting on the 20th of April i 

4. In what latitude north does the sun begin to shine 
without setting on the Ist of June, and in what degree 
of south latitude does it begin to be totally absent ? 
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Anjf number of days^ not exceeding 1112, being given, 
to find the parallel of north latitude in which the sun 
does not get for ^hat time* 

Mule. Count half the number of days from the 21st 
of June on the horizon, eastward or westward, and op- 
posite to the last day you will find the sun's place in the 
circle of signs ; look for the sign and degree on the eclip- 
tic, which bring to the brass meridian, find observe the 
sun's declination ; reckon the same number of degrees 
from the north pole (on that part of the brass meridian 
which is numbered from the equator towards the poles) 
and you will have the latitude sought* 

Examples. 1* In what degree of north latitude, and 
at what places, does the sun continue above the horizon 
forseventy*seven days? 

Answer. Half the namber of days is 38^, and If reokooed badcirard, 
cr towards the east, from the titt of June, will answer to the lith of 
May ; and if counted forward, or towards the west, will answer to the 
^tn of July ; on dther of which days the nin^s declination Is l^ de- 
grees porth, consequently, the places sought are 18^ degrees from the 
north pole, or in latitude 71| degrees north ; answerinj to the North 
Cape in Lapland, the south part of Noya Zambia, Icy Cape, &c. 

2. In what degree of north latitude is the longest day 
134 days, or 3216 hours in length i 

3. In what degi^ee of north latitude does the sun con* 
tiiiue above the horizon for 2160 hours ? 

4. In what degree of north latitude does the sun con- 
tinue above the horizon for 1152 hourp i 
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PROBLEM XXXV. 

To find the beginning, end, and durcUion of twilight 
at any place, on any given day. 

Rule. Find the sun's declination for the given day 
(by Problem XX.) and elevate the north or south pole, 
according as the declination is north or south, so manj 
degrees above the*horizon as are equal to the sun's de» 
clination ; screw the quadrant of altitude on the brass 
meridian^ over the degree of the sun's declination ; bring 
the given place to the brass meridian, and set the index 
of the hour circle to twelve ; turn the globe eastward till 
the given place comes to the horizon, and the hours pass- 
ed over by the index will show the time of the sun's set-^ 
ting, or the beginning of evening twilight ; continue the 
motion oi the globe eastward, till the given place coin- 
cides with 18^ on the quadrant of altitude below*" the 
horizon, the space passed over by the index of the hour 
circle from the time of the sun's setting, will show the 
duration of evening twilight. The morning twilight ia 
the same length* 

OR, THUS : 

Elevate tfa^ north or south pole, according as the lati- 
tude of the given place is north or south, so manj de^ 
grees above the horizon as are equal to the latitude ; find 
the sun's place in the ecliptic, bring it to the brass meri- 
dian, set the index of the hour circle to twelve, and 
screw the quadrant of altitude upon the brass meridian 
over the given latitude ; tarn the globe westward on its 
axis till the sun's place comes to the western edge of the 
horizon, and the hours passed over by the index will 
show the time of the sun's setting, or the beginning of 
evening twilight ; continue the motion of the globe west- 
ward till the sun's place coincides with 18^ onthequadr 
rant of altitude below the horizon, the space passed over 
by the index of the hour circlei from the time of the sun'9 
setting, will show the duration of evening twilight. 



• The auadrant of altitude belonging to our modern globes is alwayi| 
graduatea to 18 degrees below the horisoiu 
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OR, BT THE ANALEMMA. 

Elevate the pole to the latitude of the place, as above^ 
and screw the quadrant of altitude upon the brass nreri- 
dianover the degree of latitude ; bring the middle of the 
anaiemnoiato the brass meridian^ and set the index of the 
hoij^r circle to twelve : turn the globe westward till the 
given daj of the month on the analemma comes to the 
western edge of the horizon, and the hours passed over 
by the index will show the time of the sun^s setting, or 
* the beginning of evening twilight : continue the motion 
of the globe westward till t^e given day of the month 
coincides, with 18^ on the quadrant below the horizon, 
the space passed over by the index, from the time of the 
sun's setting, will show the duration of evening twilight. 

Examples^ 1. Required the beginning, end, and du- 
ration of morning and evening twilight at London, on 
the 19th of ApriL 

Answer. The sun sets at two minutes past seven, and evening twi- ' 
light ends at nineteen minutes past nine : cons^uently, moraine twi- 
light begins at (12 h.— 9 h. 19 m.=) t h. 41 m. and ends at (ll h.— 
7 h.2 m. s=) 4 b. 58 m. ; the duration of twilight is 2 hours 17 minutes. 

2. What is the duration of twilight at London on the 
23d of September 7 what time does dark night begin ? and 
$it what time does day break in the morning ? 

Answer. The sun seta at six o'clock, and the duration of twilight i» 
tw;o hours ; consequently, the evening twilight ends at eight o'clock, 
and the morning twilight begins at four. 

3. Required the beginning, end, and duration of 
morning and evening twiligh^t at London, on the 25th of 
August. 

4. Required the beginning, end, and duration of 
morning and evening twilight at Edipburgh, on the 20th 
of February. 

5. Required the beginning, end, and duratfon of morn- 
ing and evening twiHght at Cape Horn, on the 20th of 
February. 

6. Required the beginning, end, and duration of 
morning and evening twilight at Madras, on the 15th of 
June* 
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FBOBLEM XXXVI. 



To find the b^umingf enJ, ami duration <f constant 
day or tnfUigM at any place. 



Rvle» Find the htitude of the given place, and add 
18^ to that latitude ; count the number of degrees cor- 
respondent to the sum, on that part of the brass meridian 
which is numbered from the pole towards the equator, 
mark where the reckonin^ends, and observe what two 
points pf the ecliptic pass under the mark ;^ that point 
wherein the sun's declination is increasing will show on 
the horizon the beginning of constant twilight ; and that 
point wherein the sun's decimation is decreasing, will 
show the end of constant twilight. 

Examples. 1. When do we be^n to hiLve constant 
day or twilight at London, and how long does it con- 
tinae ? 

Anflww* The lattluds of London Is 51) dsereM north, to which add 
18 degraes, the mm It 69|« the two points of the ecliptic which pass 
nnder 69^ ere twojd^raes In n* aniwerioK to the fSd of May; and S9 
degrees In 2S, answenng to the ilst of July; so that, from the 8Sd of • 
Maj to the SlsC of July, the son never descends 18 degress below the 
horuon of London. 

2. When do the Inhabitants of the Shetland islandfl 
cease to have constant dajr or twilight ? 

3. Can twilight ever continue from sun-set to sun- 
rise at Madrid i 

4. When does constant day or twilight begin at Spttz- 
bergen ? 

5. What is the duration of constant day or twilight at 
the North Cape in Lapland, and on what day, after their 
feng winter's night, does the sun's rays first enter the at- 
mosphere ? 



* If, after 18 degrees hcadded to the latitude, the distance from the 
pole wUI not reach the eliptic, there wUi be no constant twilight at the 
given place : vis. to the given latitude add 18 degrees, and subtract the: 
sum from 90, if the remainder exceed 23} degrees, there can be no oon-^ 
stent twUight at the given place. 
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PRpHLEH XXXTn. 

To find the duration of twilight at (he north pole* 



Rude. Elevate the north pole so that the equator may 
coincide with the horizon ; observe what point of the 
ecliptic, nearest to Libra, passes under 18^ below the 
horizon, reckoned on the brass meridian, and find the daj 
of the month correspondent thereto ; the time elapsed 
from the 23d of September to this time will be the du* 
ration of evening twilight. Secondly, observe what 
point of the ecliptic nearest to ^riesff passes under 18^ 
below the horizon, reckoned on the brass meridian, and 
find the day of the month correspondent thereto ; the 
time elapsed from that day to the 2lBt of March will be 
the duration of morning twilight. 

Example. What is the duration of twilight at the 
north pole, and what is the duration of dark night 
there ? 

Answer. The point of the eeliptic neafCft to Libra which panel ua- 
der 18 degreefl below the boriBon, is £3 degreei in ii|^, aaswenng to the' 
Idth of November ; hence the evening twilight continues from the 
2dd of September (the end of the lon^prt day) to the Idth of Novem- 
ber (the beginning of dark night) being 51 days. The point of the 
ecliptic neareitto Aries which paraedmnder 18 degrees below thehori- 
son is 9 degrees in rSSf. answering to the 29th of January ; henee, the 
morning twilight continues from the 29th of Jamiary to the Slst of 
March (the beginning of the longest day) being fifty-one days. From 
the 23d of September to the ZUi of March is 179 days, from which de- 
duct 102 (sb51 X2,) the remainder is 77 days, the duration of total 
darkness at the north pole ; but even during this short period, the moon 
aiid.tlie Aurorpi Borealis shine with uncommon splendour. 

PROBLEM xxxym. 

To find in what climate any given plate on the globe 
ie »itu^iM. 

Rule. 1. If the place be not in the frigid zones, find 
the length of the longest day at that place (by problem 
XXYIII.) and subtract twelve hours therefrpm ; the 
number of half hours in the remainder will show the clif 
matet 

30 
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2. If the place be in the frigid ^ one,* find the letpgtli 
0f the longest daj at that place (bj Problem XXX,) 
ftnd if that be leas than thirty dajs, the place is in th^ 
twentj-fifth climate, or the first within the polar circle i 
if more than tbirtj and less than sixty, it is in the twen- 
ty-sixth climate, or the second within the polar circle ; 
if more than sixty and less than ninety, it is in the twen- 
ty-seventh climate, or the third within the polar circle, 
&c. ' 

Examples. 1» In what climate is London, and what 
other remarkiible places are situated in the same cli- 
mate? 

Answer. The longent day at London ib 16} hours, if we dedact li 
therefrom, the remai^er will be 4} hours, or nine half hours ; henca^ 
iiondon is the 9th elnlate north of the eauator ; and, as all ptacee ta 
or near the same latitude are in the same climate, we shall find Amster- 
dam, Dresden, Warsaw, Irkoutsk, the southern part of the peninsula of 
Kamtschatka, Nootka Sound, the south of Hudson's Bay, the north of 
Newfoundland, kc.^to be the same climate as London^-r-l'be learner \» 
requested to turn to the note to Definition 69th, page 15. 

2. In what climate is the North Cape in the island of 
Waggeroe, latitude Jl^ 30' north i 

Answer. The length of the longest day is T7 days; these days dl- 
Tided by 50, give two months for the quotient, and a remainder of IT 
dayfi; hence, the place is in the third climate within the polar circle, 
or the 27th climate reckoning from the etjuator. The southern part of 
Nova Zembia, the northern part of Siberia, James* island, Baffin's Bay, 
the northern part of Greenland. &c are in the same climate. 

3. In what climate is Edinburgh, and what other 
places are situated in the same climate ? 

4. In what climate is the north of Spitsbergen ? 

5. In what climate is Cape Horn i 



* The dimates between the polar circles and the poles were uiiknowa 
to the ancient geoeraphers ; they reckoned only seven climates nortli 
of the equator. The middle of the first noKherh climate they ma^e to 
pass through Meroe, a city of Ethiopia, built by Cambyses, on an island 
in the Nile, nearly under' the tropic of CanC^r; the second through 
Syene, a city of Thebais in upper ^gvpt, near the cataracts of 
the Nile; the third through A.]exandria; the fourth through Rhodes; 
the fifth through Rome or the Hellespont ; the sixth througn the mouth 
of the Borysthenes or Dnieper, and the seyenth through the Ripheaa 
mountains, supposed to be situated near ihe source of the Taiiais or 
I>on river. The southern parts of the earth being in a great measure 
unknown, the climates received their names from the northern ones, 
^d not from particular towns or places. Thus the climate which was 
supposed to be at the same distance from the equator' southward, as 
Meroe was noHhward, was called Antidiameroes, or the opposite cli- 
mate to M^roe ; Antidiasyenes w^ |he opposite dimate to Syenes, kc* 
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6. In what climate is Botany BajF, and what other 
places are situated in the same climate ? 

PROBLEM XXXIX. 

To find the breadths of the several climates between the 
equator and the polar circles. 

Rule. For the northern climates. Elevate the north 
pole 23^® above the northern point of the horizon, bring 
the sign Cancer to the meridian, and set the index to 
twelve ; turn the globe eastward on its axis till the index 
has passed over a quarter of an hour ; observe that par* 
ticular p9int of the meridian passing through LiDra« 
which is cut by the horizon, and at the point of inter* 
section-make a mark with a pencil ; continue the motion 
of the globe eastward till the index has passed over a- 
nother quarter of an hour, and make a second mark ; 
proceed thus till the meridian passing through Libra* 
will no longer cut the horizon ; the several marks brought 
to the brass meridian will point out the latitude where 
each climate ends, f 

Examples. 1. What is the breadth of the ninth north 
climate, and what places are situated within it i 

Answer. The breadth of the 9th climate is 2* 5T, it begins in lati- 
tude i9* 9f north, and ends in latitude 51^ 59^ north, and all placet situa- 
ted within this space are in the same climate. The places will be nearly 
the tame as those enumetated in the first example to the preceding 
problem. 

?• What is the breadth of the second climate, and in 
what latitude does it begin and end ? 

3. Required the beginning, end, and breadth of the 
fifth dimate. 

4. What is the breadth of the seventh clin^ate north 
of the equator i In what latitude does it begin and end, 
and what places are situated within it i 



• On Adams' globes, the meridian pasning through Libra is divided into 
degrees, in the same manner as the brass meridian is divided ; the hori* 
son will, therefore, cut this meridian in the several degree answering 
to the end of each climate, without the trouble of bringing it to the 
brass meridian, or marking the globe. 

t tiee a table of the climates, with the method of conftnisting it, d 
pages 16 and 1T« 
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PROBLEM XL. 

To find that part of the equation of time which dq^ends 
upon the obliqtMy of the ecliptic* 

Buk. Find the 8iid*b place itt the eGliptit» and bring 
it te the brass meridian ; count the nnmber of degrees 
from Aries to the brass meridisD, on the equator and on 
the ecliptic ; the difference, reckoning four minutes of 
tim^ to a degree, is the equation of time. If the number 



Note. The equation of time, or dilfer- 
taoe beween the time shown by a well 
regulated clock, and a tme fon-dial de- 
pends upon two Sauses; via. the obliqui- 
ty of the ecHptic, and the uneoual mo- 
tion of the earth in its orbit. The for^ 
mer of these causes may be explained by 
the aboTC praUem. If two suns were to 
set oflTat the same time from the point A- 
ries, and move over equal places in equal 
time, the one on the ecliptic, the other 
on the equator, it is evident they would 
never come to the meridiai^ together, 
except at the time of the equinoxes, 
and on the longest and shortest days. 
The annexed l^ble shows how much - 
the sun is faster or slower than the 
dock oii^t to be, so far at the varia- 
tion depends on the obliquity of the e- 
diptic only« The signs of the first and 
third quadrants of the ecliptic are at the 
top of the table, and the degrees in 
these signs on the left hand ; in any of 
these signs the sun is faster than the 
dock* The signs of the second and 
third quadrants are at the bottom of the 
table, and the degrees in these signs at 
the right hand : in any of these signs 
the SUA is slower than the dock. 

ThuB,whenthesunis in 10 degrees 
of M or nti it is9 minutes 90 seconds 
faster than the clock, and, when the 
sun is in 18 degrees of 05 or If) it is 
6 minutes ft seconds slowvr than the 
ctook» 



!iun faster than the clock m 
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4if degrees on the ediptk exceed those on the equator^ 
the sun is faster than the clock ; but if the number of 
degrees on the equator exceed those oo the ecliptici the 
sun is slower ihaa the clock. 

ExampleB. 1. What is the equatioD of time on the 
irthofjuly? 

Answer. The degrees on the equator exceed the degrees on the 
eeliptic by two ; hence, the sun is eight minutes slower than the cloclc.* 

2. On what four days of the year is the equation of 
time nothing ? 

3. What is the equation of time dependent on the 
obliquity of the ecliptic on the 27th of October ? 

4. When the sun is 18^ of Aries, what is the eqna*'. 
Hon of time ? 

PROBLEM XLl. 

To find the sun*8 meridian altitude at any time of the 
year at any given place. 

Rule. Find the sun^s declination, and elevate the 
pole to that declination ; bring the given place to the 
brass meridian, and count the number of degrees on the 
brass meridian (the nearest way^ to the horizon ; these 
degrees will show (he sun's meridian altitude.f 

Note. The iun*s aUUude may befownd ai any parttcular Aour, in ihz 
following monmr. 

Find the sun's declination, and elevate the pole to that dedtnatioa ; 
Ibriug the given place to the brass meridian and set the index to 12 ; 
^en, if the given time be before noon, turn the glol>e westward as many 
hours as the time wants of noon ; if the given Ume be past noon, tarn 
the globe eastward as many hours as tlie time is past noon. Keep the 
globe fixed in this position, and screw the quadrant of altitude, on the 
brass meridian over the sun's declination ; bring the nraduated edge of 
the quadrant to coincide with the given place, and the number of de- 
crees between that place and the horizou will show the sun's altitude. 

OB, 

Elevate the pole so many degrees above the horisson 
as are equal to the latitude of the place ; find the sun^s 



* The learser will observe, that the equation of time here determin- 
ed is not the true equation, as noted on the 7th circle on the horison of 
Bardin's globes; the equation of time there given caanot be determin- 
ed by the globe. 

t Sec Problem XXI. 
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place in the ecliptic, and bring it to that part of the 
brass meridian which is nambered from the equator fo« 
wards the poles ; count the number of degrees contain- 
ed on the brass meridian between the sun's place and 
the horizon, and thej will show the altitiide."^ 
To fiod the fon's altitude at any hour, lee Problem XLEV. v 

OR, BT THE AN ALEMM A. 

Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place ; &nd the daj of 
the month on the analemma, and bring it to that part of 
the brass meridian which is numbered from the equator 
towards the poles ; count the number of degrees contain'* 
ed on the brass mef4dian between the given daj of the 
month and the horizon, and they will show the altitude. 

To find the aun't altitade at any hour, aee Problem XLIV. 

Examples. 1. What is the sun's meridian altitude at 
London on the 21st of June 7 
Auwer. 42 degrees. 

2. What is the sun's meridian altitude at London on 
the 21st of March? 

3. What is the sun's least meridian altitude at Lon- 
don ? 

4. What is the sun's greatest meridian altitude at 
Cape Horn ? 

5. What is the sun's meridian altitude at Madras on 
the 20th of June? 

6. What is the sun's meridian altitude at BencooleD 
on the Idth of January ? 

EXAMPLES TO THE NOTE. 

1. What is the sun's altitude at Madrid on the 24th 
df August, at 11 o'clock in the morning ?t 



• See Problem XXII. 

t This example is taken from a prospectus, announcing tlie puMica^ 
tion of New Globes, to be executed by Mr. Dudley Vdam?, and called 
the Newtonian Globes, wherein the author has treated the common 
globes with uncommon severity; he has however been rather unfortu- 
nate in the choice of his examples, which are designed to show '* the ah* 
snrdities and ridiculous Inconsistenctes of the common globes.^' He.wys, 
** By working tiiifi proi)]em on the common globes, we Had with the 
greatest astonishment, that Madrid, where it is understood to be eleven 
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Answer. The ton's declination is 11^ degrees north, hr elevating 
the north pole Hi degrees above the horison, and turning the globe so 
Ihat Madrid teay be one hour westward of the meridian, the sun's altip 
tude will be found to be 57^ degrees. 

2. What is the sun's altitude at LondoD at 3 o'clock 
in the afternoon on the 25th of April i 

3. What is the sun's altitude at Rome on the 16th of 
January at 10 o'clock in the morning? 

4; Required the sun's altitude at Buenos Ajres on 
the 2l8t of December at 2 o'clock in the afternoon. 

PROBLEM XLU. 

When it is midnight at any place in tfie temperate or 
torrid zones^ to find the 9un*8 altitude at any place (on 
the same meridian) in the north frigid sone, where the 
sun does not descend below the horizon. 

Rule. Find the sun's declination for the given daj, 
and elevate the pole to that declination ; bring the place 
(in the frigid zone) to that part of the brass meridian 
which is nunibered from the north pole towards the e- 

Juator, and the ntimber of degrees between it tnd the 
orizon will be the sun's altitude. 

OB, 

Elevate the north pole so many degrees siboye the ho- 
rizon as are equal to the latitude of the place in the frig- 
id zone ; bring the sun's place in the ecliptic to the brass 
meridian, and set the index of the hour circle to twelve ; 
turn the globe on its axis till the index points to the 
other twelve ; and the number of degrees between the 
sun's place and the hprizoU) counted on the brass meri- 
dian towards that part of the horizon marked north, will 
be the sun's altitude. 

Examples. I. What is the sun's altitude at the North 
Cape in Lapland, when it is midnight at Alexandria in 
Egypt on the 21st of June i 



o'clock in the morning, is at that time in the dark, under the horison ; 
and consequently, vre hardly conceive how the inhabitants can see the 
snn Uke its altitude, and calculate the time Ui be eleven o'dotik.*'— J^v 
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9. Wh«i it iB midaight (o the inhabitanta of th« islaiitf 
of SicOj oa the 22d of May, what is the aua's altitude 
at the north of Spitabergen, in latitude 80^ north i 

3. What ia the aon'a altitude at tbe north east of Note 
ZemUa, when it ia midnight at Tobolsk, on the 15th of 
July ? 

4. What 18 , tbe aun'a altitude at the north of BaflSn^l 
Bay, when it ia midnight at Buenos Ayres, on the 28th 
of May ? 

PROBLEM XLin. 

To find the wn^8 amplUudeat anyplace. 

^Sleraf e the pole so many degrees abore the horizon 
as are e^ual to the latitude of (he given place ; find the 
ana's place in the ecliptic, and bring it to the eastern 
aemi-circle of the horizon ; the number of degrees from 
the sun's place to tbe east point of the horizon will be the 
rising amplitude : bring the sun's place to the western 
aemi-circle of the horizon, and the number of degrees 
from the sun's place to the west point of the horizon will 
be the setting amplitude. 

OK, BT TEE ANAtiEMMA. 

Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place; bring the day of 
the month on the analemma to the eastern semi-circle of 
the horizon; the number of degrees from the day of the 
month to the east point of the horizon will be the rising 
amplitude : bring the day of the month to the western 
''aemi^ircle of the horizon, and tbe number of degrees 
from the day of the month to the west point of the hmri- 
9on will be the setting amplitude. 

Examples. 1* What is the sun's amplitude at Lo|i- 
don on the 2l8t of June? 

Answer. fle«48^ to thenorth of theea8t,an4 59«48' to tliOBOrtli 
l>f the west 

2. On what point of the compass does the atm rise end 
aet at London on the 1 7th of May ? 

8. On what point of the compaaa does the sun rise and 
set at the Cape of Oood Hope on the 21st of December ^ 
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4. On what point of the compasa does the sun rise and 
set on the 2l8( of March ? 

5. On what point of the compass does the sun rise and 
set at Washington on the 21st of October i 

6. On what point of the compass does the sun rise 
and set at Petersburg on the 1,8th of December ? 

PROBLEM XLIV. 

To find the swCs asimiUh and his altitude at any 
place, the day and hour being given. 

Rule. Elerate the pole so manj degrees above the 
horizon as are equal to the latitude of the place, and 
screw the ^quadrant of altitude on the brass meridian, 
over that latitude ; find the sun's place in the ecliptic, 
briag it to the brass meridian, and set the index of the 
hour circle to twelve ; then, if the given time be before 
noon, turn the globe eastward"* as manj hoursas it wants 
of noon ; but if the given time be past noon, turn the 
globe westward as many hours as it is past noon; bring 
the graduated edge of the quadrant of altitude to coin- 
cide with the sun'sf place, then the number of degrees on 
the horizon, reckoned from the north or south point 
thereof to the graduated edge of the quadrant, will show 
the azimuth ; and the number of degrees on the quad- 
rant, counting from the horizon to the sun's place will be 
the sun's altitude. 

OR, BT THEANALEMMA. 

Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place, and screw the 
quadrant of altitude on the brass meridian, over that 
latitude ; bring the middle of the analemma to the brass 
iberidian, and set the index of the hour circle to twelve ; 
then, if the given time be before noon, turn the globe 



* Whenever the pole is elevated for the latitude of the place, the 
proper motion of the globe Is from east to west, and the sun is on the 
east Aide of the brass meridian in the morning; and on the west side in 
the afternoon ; but, when the pole is elevated for the 8un*s deetination, 
the motion is from west to east, and the place is on the west side of the 
meridian in the morning, and en the east side in the afternoon. 

31 
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Eastward oo its axn at maDj hours as it wants ef nooa ; 
but, if the given time be past hood, turn the globe west- 
ward as manjr hoars as it is past noon ; bring the gradu- 
ated edge of the quadrant of altitude to coincide wills 
the daj of the nMNith on the analemma, then the number 
of degrees on the horiion, reckoned from the north or 
south point thereof to the graduated edge of the quad- 
rant, will show the azimuth; and the number of degrees 
on the quadrant, counting from the horizon to th^. day 
of the month, will l>e the sun's altitude. 

Examples. 1. What is the sun's altitude, and his 
azimuth from the north, at London, on the 1st of May, 
at ten o'clock in the morning i 

Answer. The altitude u il^^ and the azimuth from the north 155^, 
or from the soath kk"*, 

2. What is the sun's altitude and asimoth at Pelers- 
burg, on the 13th of August, at half past fireo'cfock in 
the morning i 

3. What is the sun's azimuth and altitude at Antigua^ 
on the 21st of June, at half past six in the morning, and 
at half past ten ?* 

4. At Barbadoes on the 20th of May, when the sun's 
declination is 20 degrees north) required the time of the 
sun's appearing on the same azimuth, twice in the fn^e- 
noon and twice in the afternoon i 

5. On the 13th of Atrgust at half past eight o'clock in 
the morning, at sea in latitude 57^ N. the obs^red azi- 
muth of the sun was S. 40^ 14' E. what was the the sun's 
altitude, his true azimuth, and the variation of the com- 
pass? 

6. On the 14th of Januarj, in latitude 33° 52' S. at 
half past three o'clock in the afternoon, the sun^s mag* 
netic azimuth was observed to be N. 63^51' W*; what 
was the true azimuth, the variation of the compass, and 
the sun's altitude i 



» At aU places in the torrid zone, whenever ^the declination of the 
sun exceeds the latitude of the place, and both are of the same name, 
the sun Will appear twice in the forenoon and twice in the afternoon, 
on the same point of the compass, and will came the shadow of an asi^ 
muth dial to go back several degrees. In this example, the sun's, azi- 
muth at the hours given above, will be 69<> from the north towards the 
eaH ; and at half past eight o'dook, the nm will appear to have the 
same azimoth for some time. 
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The latilMde of the place^ day of the mofith, and the 
8un^8 altitude being given^ to find the sun" 8 azimuth 
and the h&ur of the dayJ^ 

Rule. Elevate the pole as many degrees above the 
horizon as are equal to the latitude of the place, and 
screw the quadrant of altitude on the brass meridiaoi 
over that latitude ; bring the sun's place in the ecliptic 
to the brass meridian, and set the index of the hour cir- 
cle to twelve ; turn the globe on its axis till the sun's 
place in the ecliptic coincides with the given degree of 
altitude on the quadrant; the hours passed over by the 
index of the hour circle wiH show the time from noon, and 
the azimuth will be found on the horizon, as in the pre* 
ceding problem. 

OB, 9Y THE ANAIi£MMA^ 



Elevate the pole to the latitude of the place, and 
screw. the quadrant of altitude over that latitude ; bring 
the middle of the analemma to the brass meridian, and 
set the index of the hour circle to twelve ; move the 
globe and the quadrant tiU the day of the month coin- 
cides with the given altitude, the hours passed over by 
the index will show the time from noon, and the azimudi 
will be found in the horizon as before. 

Examplee. 1. At what hour of the day on the 21st 
of March is the sun's altitude 22^° at London, and what 
is his azimuth i The observation being made in tlu; af- 
ternoon. 



• This pioUem is only a Tariaiion of the pracedias ; for, by the na- 
ture of spherical trienometry, any * three of the following quantities, 
viz. thelaatndeof Um place, the son's declination, alU^n^ asimath, 
or time of the day, being given, the rest may be found, Mmiiting of 
flOTttial variattnis. A iai^ coUeeUon of astronomical problems Aiay 
be found in Keith's Trigonometry, second edition, page Wf Iec* TbOM^ 
pioblems ace osefni exeisimpn the globes, 
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Answer. The time from noon will be found to be 8 lioun 30 min* 
otet, and the uimnth 599 1' from the south towards the west. Had 
tlie observation been made before noon, tlie time^from uoIob would have 
been $i bovrs, vis. it would have been 90 minutes uaH eight in ib# 
morning, and the asimntb would have been 59«M^^Trom the south to- 
wards the east.* 

2. At what hour od the 9th of March is the sup's al- 
titude 25® at London, and what is his azimuth ? The 
observation being made in the forenoon. 

3. 4t what hour on the IBth of May is the sun's alti- 
tude 30^ at Lisbon, and what is his azimuth ? The ob- 
servation being made in the afternoon. 

4. Walking along the side of Queen-square in Lon- 
don, on the 5th of August in the forenoon, 1 observed 
the shadows of the iron-rails to be exactly the same 
lengtb as the rails themselves ^ pray what o'clock wa^ 
it ? and on what point of the compass did the shadpws 
of the rails fall ? 

PROBI^EM XLVL 



Given the latitude of the place^ and the day of the months 
to find at what place the sun is due east or we^t. - 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place, find the 
sun's place in the ecliptic, bring it to the brass meri- 
dian, and set the index of the hour circle to twelve ; 
screw the quadrant of altitude on the brass meridian, 
over the given latitude, and move the lower end of it tp 
the east point of the horizon ; hold the quadrant in this 
position ; and move the globe on its axis till the sun's 
place comes to the graduated edge of the quadrant ; the 
hours passed over by the index from twelve will be the 
time from noon when the sun is due ea8t,f and at the 
same time from noon he will be due west. 



* The learner will observe, that the sun has the same altitude at 
equal distances from noon ; heoce^ it is necessary to say whether the ob- 
servation be made before or after noon, otherwise the problem- admits 
of two answers. 

t If the latitude be north, and the sun's declination be south> he wHI 
he due east and west when he is belaw the horizon ; and the same thing 
Will happen if the latitude be south when the decUnation is north. 
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OB, BT THE ANALEMMA. 

This, is exactly the same as above, only, instead oX 
bringijig the sun's place to the meridian, yoo bring the 
analemma there, and, instead of bringing the sun's place 
to the graduated edge of the quadrant, the day of the 
jnenth on the analemma must be brought to it. 

Examples. 1. At what hour will the sun be due east 
at London on the 19th of May? at what hour will be be 
due west I and what will his altitude be at these 
times ? I. 

Answer. The time from IS, when the ran it doe east, i» 4 hours 54 
minatet henoe, the son is clue east at 6 minutes past seven o'clock in 
the morning, and due west at 54 minutes past four in the afternoon ; the 
sun's altitude may be found at the same time, as in Problem XLIT. 
In this example it is 25« 26^ 

2* At what hours will the sun be due east and west at 
London on the 2Ist of June, and on the 21st of Decem- 
ber? and what will be his altitude above the horizon oq 
the2l8tof June? 

3* Find at what hours the sun will be due east and 
west, not only at London, but at every place on the sur- 
face of the globe, on the 21st of March and on the 23d 
of September. 

' 4. At wfalkt hours is the sun due east and west at 
Buenos Ay res on the 21st of December ? 

PROBLEM XLVII. 

Oiven the 8un*8 meridian altitude^ and the day of the 
m^onthf to find the latitude of the place. 

Rule. Find the sun's place in the ecliptic, and bring 
it to that part of the brass meridian which is numbered 
from the equator towards the poles ; then, if the sun was 
south^ of the observer when the altitude was takeui 



Examples exercising these casoi are useless; however, they are easily 
solved, if we consider that, when the suo is due east below the horizon 
at any time, the opposite point of the ecliptic will be due west above 
the horizon ; therefore, instead of bringing the lower edge of the quad- 
rant to the east of the horizon, bring it to the west, and, instead of 
using the sun's place, mal(e use of a points in the ecliptic diametrically 
opposite. 

* It is necessary to state whether the sun be to the north or south of 
tb.e observer at noofl| otherwise the problem is unlimited. 



230 PROBLEMS PJBRFORMED W 

count the number of degrees from the sub's place on the 
brass meridian towards the south point of the horiasooy 
and mark where the reckoning ends ; bring this mark to 
coincide with the south point of the horizon, and the ele- 
vation of the north pole will show the ^titude. If the 
sun was north of the observer when the altitude wae ta- 
ken, the degrees must be counted in a similar manner, 
from the snn*s place towards the north poiht of the hori- 
zon, and the elevation of the south pole will show the 
latitude. 

OR, WITHOUT A GLOBS. 



Subtract the sun's altitude from ninety degrees, the 
remainder is the zenith distance. If the sun be south 
when his altitude is taken, call the zenith distance 
north ; but, if north, call it sooth ; §od the sub's declina- 
tion in an ephemeris* or a table of the sun's declination, 
and mark whether it be north or south ; then, if the zen- 
ith distance and declination have the same same, thefar 
sum is the latitude ; but if thej have contrary names, 
their difference is the latitude, and it is always of the 
same name with the greater of the two quantities. 

Examples. 1. On the 10th of May 1811,1 observed 
the sun's meridian altitude to be 50^, and it was south of 
me at that time ; required the latitude of the place. 

Answer. 51"* 2T north. 

• ■ ' * 

By aUeulaU$n, 
90- . 
50 S. aun's altitude at noon. 



40 ON.tlMsenitlii 

17 STN.tbeaiin'sdeclwalMHiiOtliSCay.lSll. 

57 27 N. the latitude Bought. 
2. On the 10th of May 1811, the sun's meridian alti- 
tude was observed to be 50^, and it was north of the 
observer at jAat time ; required the latitude of the ^ace. 

Answer. 33<» SS' south. 



^The most ooDvenlent is the;;NMitiesl Ahaume, or White's Ephenai- 
ens ; see the note page 38. 
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90» 

50 N. thie nin's sltitude at noon. 

40 OS. the Benith diiiance. 

17 27 N. the sun's decUnatloB iOth May 1811. 

2S 5S 8. the latitude sought. 

3. On the 5tfa of August 1811, the 8un'8 meridian al- 
titude was observed to be 74^ 30' north of the obser- 
ver ; what was the latitude ? 

4. On the 19th of November 1811, the sun's meridian 
altitude was observed to be 40^ south of the observer ; 
what was the latitude i 

5. At a certain place where the clocks are 2 hours 
faster than at London, the sun's meridian altitude was 
observed to be 30 degrees to the south of the observer 
on the 21st of March ; required the place. 

6. At a place where the clocks are five hours slower 
tha.D at London, the sun's meridian altitude was observed 
to be 60° to the south of the observer on the 16th of 
April, 1811 : required the place. 

PROBLEM XLYIIL 

The length of the lai^^est day at any places not within 
the polar circles being given^ to find the latitude of 
that place. 

Rule. Bring the first point of Cancer or Capricorn ta 
the brass meridian (according as the place is on the 
north er south side of the equator,) and set the index of 
the hour circle to twelve ; turn the globe westward on its 
axis till the index of the hour circle has passed over as 
many hows aa are equal to half the length of the daj ; 
elevate or depress the pole till the sun's place (viz. Can- 
cer or Capricorn) comes to th^ horison ; then, the eleva* 
tion of the p<4e will show the latitude* 

Note. Tliis problem wUl answer for any day in the year, as weO tm 
the longMt (lay, by biingjing the sun's place to the brass meridian ahd 
proceeding as abo^e. 

Or, Bring the middle of the aaalenma to the brass neridiaii, sad set 
the index of the hour circle to 12 ; turn the globe westward on its axis 
till the index ha^ passed over as many hours as are equal to half the 
length of the day ; elevate or depress the pole till the day of the month 
e^neides with the faorison, then the elerotioB of the pole w^l show the 
latitude. 
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Examples. 1. In what degree of north latitude, and 
at what places is tfae length of the longest daj 16^ 
hdurs? 

Answer. la latitude 52®, and all places sltaated on, or near that 
parallel of latitude, have the same length of daj(. 

2. In what degree of south latitude, and at what pla- 
ces is the longest daj 14 hoars ? 

3. In what degree of north latitude is the length of 
the longest day three times the length of the shortest 
night? 

4. There is a town in Norway where the longest day 
is five times the length of the shortest night ; pray what 
is the name of the town ? 

5. In what latitude north does the sun set at seven 
o'clock on the 5th of April ? 

6. In what latitude south does the sun rise at five 
o'clock on the 25th of November I 

7. In what latitude north is the 20th of May 16 hours 
long ? 

8. In what latitude north is the night of the 15th of 
August 10 hours long i 

PROBLEM XLIX. 

The latitude ofaplace^ and the day of the month beif^ 
given f to find how much the sun^s declination must 
increase or decrease towards the elevated pole^ to 
make the day an hour longer or shorter than the giv- 
en day»> 

Rule. Find the sun's declination for the given day, 
and elevate the pole to that declination ; bring the i^iven 

Elace to the brass meridian, and set the index of the 
our circle to twelve ; turn the globe eastward on its ax- 
is till the given place comes to the horizon, and observe 
the hours passed over by the index : then, if the days be 
increasing, continue the motion of the globe eastward 
till the index has passed over another half hour, and 
raise the pole till the place comes again into the horizon, 
the elevation of the pole will show the sun's declination 
when the day is an hour longer than the given day : bat, 
if the days be decreasing, turn the globe westward till 
the index has passed over half an hour, and depress the 
pole till the place comes a second time into the horizon, 
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the last elevation of the pole will show the bod's decli- 
nation when the daj is an hour shorter than the (iven 
day. 

Oil, 

Elevate the pole to the latitude of the place, find the 
sun's place in the ecliptic* bring it to the brass meridian, 
and set the index of the hour circle to twelve ; turn the 
globe westward on its asus till the sun's place comes to 
the horizon, and observe the hours passed over bj the 
index ; then, if the days be increasing, continue the mo* 
tion of the globe westward till the index has passed 
over another half hour, and. observe what point of the 
ecliptic is cut by the horiaon ; that point will show the 
suo'Ib place when the day is an hour longer than the giv* 
en day, whence the declination is readily found : but, if 
the days be decreasing, turn the globe eastward till the 
index has passed over half an hour, and observe what 
point of the ecliptic is cut by the horizon ; that point 
will show the sun's place when the day is an hour short* 
er than the given day. 

OB, BY THE AKALEMtfA. 

Proceed exactly the same as above, only, instead of 
bringing the sun's place to the brass meridian, bring the 
analemma there, and, instead of the sun's place, use the 
day of the month on the analemma. 

Examples. 1. How much must the sun's declination 
vary, that the day at London may be increased one hour 
from the 24th of February ? 

Answer. Oathe S4th of February thd rnm^s decHnatilon iM 9*S9^ 
•ootht and the ina lets at a qvarter past ffre : wfaea tte gun sets al 
three ^piarten past five, his deeMnatioB will be found toha idiotttii* 
south, answering to the 10th of March ; heaee, the declination has de- 
creased 5** tSf^ and the days have increased 1 hour in 14 days. 

2. How much must the sun's declination vary, that 
the day at London may decrease one hour in length Grom 
the26thof July ? 

Aflfiwer. The 9ita*g decHnation on the C6tb of Jcdy b 19^ 58^ north, 
and the sun sets at 49 min. past seven ; when the SQit sets at 19 tnitf. 
past oeven, his decHifetion will be fonnd lo be 14» 4S^ norths answerine 
to the Idth of August * hence, the declination has decreased 5* 55^ and 
the days have decreased one hoar hi 18 days. 

32 
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3. How much must the bho'b declination rary, from 
the 5th of April, that the daj at Petenbiirg maj in- 
crease one hour i 

4. How much mutt the sun's declination vary, from 
Ae 4th of October, that the day at Stockholm may de- 
crease one hour* 

FROBI^M L. 

Ta find the snn^s right aacensionf oblique ascensionf 
oblique descensionf ascensional difference, and time 
€f rising and selling al anyplace. 

Rule. Find the sun's place in the ecliptic, and bring 
it to that part of the brass meridian which is numbered 
from the equator towards the poles ;^ the degree on the 
equator cut bj the graduated edge of the brass meridi- 
an, reckoning from the point Aries eastward, will be the 
sun's right ascension. 

ElcTate the pole so many degrees above the horizon 
as are equal to the latitude of the place, bring the sun's 
place in the ecliptic to the eastern part of the horizon,f 
and the degree on the equator cut by the horizon, reck- 
oning from the point Aries eastward, will be the sun's 
oblique ascension. Bring the sun^s place in the eeKp-. 
tic to the western part of the horizon,;]: and the degree 
on the equator cut by the horizon, reckoning from the 
point Aries eastward, will be the sun's oblique descen- 
sion. 

Find the difference between the sun's right and ob- 
lique ascension ; or, which is the same thing, the differ- 
ence between the right ascension, and oblique descenr 
sion, and turn this difference into time by multiplying by 
4;^ then, ifthe sun's declination and the latitude of 
the place be both of the same name, viz. both north or 
both south, the sun rises before six, and sets after six, by 

• The depee on the meridian ahove the ran's place is the flun's de- 
dinaiion«n9ee Prob. XX. ^ 

t The risinc ampliiude may be seen at the same time. See Problemi 
XLIII. 

X The settmg ampfitnde may here be seen. Tide Piob. XLOL. 

« See Problem XyUI« 
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a space of time eijpial \xi tbe ascensional difference ; bnt, 
if the sun's declination and the latitude be ofcontraiy 
names, viz. the one north, and the other south, the SU9 
rises after six, and sets before six. 

Examplts. 1. Required the sun's right ascensieq, 
oblique ascension, oblique descension, ascensional differ- 
ence^ and time of rising and setting at London, on the 
l-5th of April. 

Answer. The right asceBsion is 93p SCK, the oUique a^cenrion is 9* 
15\ the ascensional difiference (2d» W-^S^ 15'=) \Sp 45', or 55 min- 
utes of time ; consequently, the sun rises 55 minutes before 6, or 5 min. 
past 5, and sets 55 min. past 6. The oblique descension is 37« 15'; 
consequently, the descensionaliliffereace is (^7« 1^— 2d(» 30^=) ld« 45' 
the same as the ascensional di^erence. 

2. What are the sun's right ascension, oblique ascen- 
sion, and oblique descension, on the 27 th of September 
at London ? What is the ascensional difference, an.d at 
what time does the sun rise and set i 

3. What are the sun's right ascension, declinatiout 
oblique ascension, rising amplitude, oblique descension, 
and setting amplitude, at London, on the 1st of May ? 
What is the ascensional difference, and at what time 
^oes the sun rise and set ? 

4. What are the sun's right ascension, declinatioii^ 
oblique ascension, rising amplitude, oblique descension, 
and settingamplitudeat Petersburg, on the 21st of June ? 
What is the ascensional difference, and at what time does 
the sun rise and set ? 

5. What are the sun's right ascension, declination, 
oblique ascension, rising amplitude, oblique descensiouj 
and setting amplitude, at Alexandria, on the 21st of De* 
cember i What is the ascensional difference, and at what 
time does the sun rise and set ? 

iFROBLEM LL 

Given the day of the months and the8un*8 ampliiudCf to 
find the latitude of fh^ place of obsemation. 
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with thi giTra anplitode on the boriaon, thn thii dera* 
tioDof the pole wUl ihow the latitude. 



OR 1VUI| 

Elevate the north pole to the complement* of the am* 
plitude, and screw the quadrant of altitude upon the 
Draag meridian over the same degree ; bring the equi- 
noctial point Aries to the brass meridian, and move the 
quadrant of altitude till the sun's declination for the giv- 
en day (counted on the quadrant) coincides with the 
equator ; the number of degrees between the point Aries 
and the graduated edge of the quadrant will be the latii- 
tude sought. * 

Examples* I. The sun's amplitude was observed 
to be 39^48' from the east towards the north, on the 21st 
of June ; required the latitude of the place. 

Aniwur. 51* 5tf BorUi.t 

S. The sun's amplitude was observed to be 15^ 30^ 
from the east towards the north, at the same time his de- 
clination was Id"" 30' ; required the hititude. 

Aaiwer. The laUtade wsv iiothiii|. 

3. On the 29th of May, when the sun's declination 
was 21^ 30' north, his rising amplitude was known to be 
gsP northward of the east ; required the latitude. 

Aiifwer. 1£* north. 

4. When the sun's declination was 2P north, his rising 

amplitude was 4^ north of the east; required thelati- 

turn. 
Aaiwer* 60^ north. 



• Tho conplenent of the smpUtnde to foood hy mhtracting the am- 
BlitodefroniSO". Thiirule to exaeUy the same at above; for it to 
formed from a right«neled sphertoal triangle, the base being the eom? 
pigment of the ampUtnde, the fmrpandleular, the latitude of t^ ' 
and the hypothsnose the complement of the ann's declination* 

t See Keilh^ TrlQOBometry, Mcond editioni page t5$. 
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PROBLEM LIL 

Oivmtfvo observed altitudes of the mii» the time 
elapsed between them^andthf^ sun*s declinaiion, to 
find the latitude*^ 

Rule. Find the sun's declination^ either bj the globe 
or an ephemeria ; take the number of degreies contained 
therein from the equator, with a pair of compaaaea^ an4 
apply the same number of degrees upbn the meridiai^ 
passing through Libra f from ^e equator northward or 
southward, and mark where they extend to ; tarn th^ 
elapsed time into degrees, ;|: and count those degrees 
upon the equator from the meridian passing through 
liibra ; bring that point of the equator where the reckr 
ocifig ends to the graduated edge of the brass meridian^ 
and set off the sun's declination from that point along 
the edge of the meridian, the same way as before ; thepi 
take the complement of the first altitude from the equa? 
tor in your compasses, and, with one foot in the sun's 
declination, and a fine pencil in the other foot, describe 
aui arc; take the complement of the second altitude in a 
similar manner from the equator, and, with one foot oi 
the compasses fixed in the second point of the sun's de- 
clinatien, cross the former arc : the point of intersec- 
tion brought to that part of the brass meridian which Is 
numbered from the equator towards the poles, will stand 
under the degree of latitude sought. 

Examples. 1. Suppose on the 4th of June, 1813, in 
north latitude, the sun's altitude, at 29 miputes past 10 
in the forenoon, to be 66^ 24% and at 31 minutes past 
12, 74^ 8' ; required the latitude. 



• OrWUMB^iahiftDisiertattoncHithe Bife ani Plomfi of NaT»» 
fStioB, pveflxed to Robertaon*» Tmiiie, tay<, this prokfiMi waa fifiit 
•olved by the globe hy Mr. Robtrt Haes, and pablifihed In 1594; andf 
Dr. Maekay, in page ISS of his Complete Navigator, mentionf the 
same circamstance. I have not been able to proenre this bo6k» oor 
have I ever seen a sohition to the problem by the globe. 

t Any merkKan. wUl answer tae puiposeaswdl asthat which pa«- 
•f through Libra; oa Adams' gtobes this meridian is divided like tht 
brass meridian. 

t See the aiethod of turning tiflia into degrees, Prob. XIX. 
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Aofwar. The fan's dacliaatioa ii 9StP S7' north, the elapied time two 
iMon two mia. nntwering to AO^ 5(K ; the Gomplement of the first alti- 
tude f4« 9ff^ the complement of the second altitude 15» 52', and the 
lalltiide sovgbt, 86« 57' north. 

2. Oiren the sud'i declination 19® 39' north, his al- 
titude in the forenoon 399 19% and, at the end of one 
hoor and a half, the same morning the altitude was 50° 
25' ; required the latitude of the place, supposing it to 
be north. 

Answer. 51° 32^ north.* 

3. When the sun*s declination was 22® 40' north, his 
altitude at 10 h. 54 m. in the forenoon was 53° 29% and 
at 1 h. 17 m. in the afternoon it was 52° 48' ; required 
the latitude of the place of observation, supposing it to 
be north. 

Answer. 5T« ^ north. 

4. In north latitude, when the sun's declination was 
22° 23' south, being on the 5th of December, the sun's 
altitude in the afternoon was observed to be 14° 46', and 
after 1 h. 22 m. had elapsed, his altitude was 8° 27' ; 
required^the latitude. 

AjMwer/ 50» 54' north. 

PROBLEM LIIL 

The day and hour being given when a solar eclipse will 
happen, to find where it will he visible. 

RuU. Find the sun's declination, and elevate the 
pole agreeably to that declination ; bring the place at 
which the hour is given, to that part of the brass meri- 
dian which is numbered from the equator towards the 
poles, and set the index of the hour circle to twelve ; 
then, if the given time.^e before noon, turn the globe 
westward till the index has passed over as many hours 
as the given time wants of noon ; if the time be past noon, 
turn the globe eastward as many hours as it is past noon. 
Mid exactly under the degree of the sun's declination on 
the brass meridian, you will find the place on the globe 
where the sun will be vertically eclipsed : at all places 



* A great variety of examples, aoeurately calculated by a general 
riHe, without an assumed latitude, may be seen in Keith's Trigonqm^- 
try, sejBond edition, page S9f , &c. 
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within 70 degrees of this plaee, the eclipse may* be 
▼isible, especially if it be a total eclipse. 

Example. On the 1 1 th of February, 1804, at 27 min. 
past ten o'clock in the morning at London, there was an 
eclipse of the sua; where was it visible, supposing the 
moon's penumbral shadow to e:&tend northward 70 de- 
grees from the place where the sun was vertically eclip- 
sed i 

Answer. London, &c. For "more examples consult the Teble of 
Hiclipaes, following the next problem, ^ 



' PROBLEM LIT. 

T%e day and hour being given when a Ivnar eclipse 
will happen, to find where it will be visible. 

Rule. Find the sun's declination for the given day, 
and note whether it be north or south ; if it be north^ 
elevate the south pole so many degrees above the hori- 
zon as are equal to the declination; if it be, south, elevate 
tbe north pole in a similar manner : bring the place at 
which the hour is given to that part of the brass meri- 
dian which is numbered from the equator towards the 
poles, and set the index of the hour circle to twelve ; 
then, if the given time be before noon, turn the globe 
westward as ^many hours as it wants of noon ; ifafter 
noon, turn the globe eastward as many hours as it is past 
noon; the place exactly under the degree of the sun's 
declination will be the antipodes ^f the place where the 
moon is vertically eclipsed. Set the index of the hour 
circle again to twelve, and turn the globe on its axis till 
the index has passed over twelve hpurs ; then to all pla« 
ces above the horizon the eclipse if ill be visible ; lothose 
places along the western edge of the horizon the moon 
will rise eclipsed; to those along the eastern edge she 
will set eclipsed ; and to that place immediately under 



• When the moon is exactly in the node, and when the axes of the 
mooB^s shadow and penumbra pass through the centre of the earth, the 
breadth of the earth's surface under the penumbral shadow is 70* 2(K; 
but the breadth of this shadow is variable; and, if tt be not accurately 
determined by calculation, it is impossible to tell by the globe to what 
extent an eclipse of the sun will be visible. / 
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the iun*fl declination the moon will be Terticallj eclTp- 
•ed. 

Example. On the 36th of January, 1804, at5BmiD. 
past leven in the afternoon at London, there was an 
eclipse of the moon ; where was it visible i 

Aofirer. It was vinbte to the whole of Europe, Africa, and the eon- 
tiaeat of Aria. For more examples, see the foUowing Table of Eclip- 
lat. 

Not«. The snbstaaoe of the following Table of Eclipses was extract- 
ed from Dr. Hutton's traaslathm of Montucla's edition of Osanam's 
Mathematical and Physical Recreations, published by Mr. Kearsley fa 
f leetFStreet. These edtpses were origindly calculated by M. Pingr6, 
a member of the Academy of Sciences, and published in VArt des vert- 
JUr la Daiet. In classing these tables, the arrangement of Mr. Fergu- 
son has been followed ; see page t67 of his Astronomy, where a cata- 
logue of the risible eclipses is given from 1700 to lf>00, taken from VArt 
des verifUr k$ Daiet. It may be necessary to Inform the learner, that 
the times of these eclipses, as calculated by M. Pingrd, are not perfect- 
ly accurate, and were only designed to show nearly the time when an 
eclipse may be expected to happen. The limits where these eclipses are 
▼isiUe are generally from the tropic of Caneer in Africa, to the north- 
ern extremity of Lapland, and from the 5th degree of north latitude in 
Asia, to the north piolar circle ; thou^ some few of them are visible be- 
yond the pole. In longfttude, the limito are the 5th and 155th meri* 
dUuii, supposing the 20th to pass throu^ Paris ; hence, it appears that 
they are calculated for the o^eridian of Ferro ; which will make their 
limits from London to be from 1S« 46' west long, to iSI^ W east. M. 
Plngr€ says, that an eclipse of the sun is visible from 9SP to 64" north, 
and as far south of the place where it is central. In the following table 
the moon. is represented by M. the sun by 8, t stands for total, p for 
partial, M for morning, and A for afternoon ; the rest is obvious. 
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rw 



Months 
Dajs. 



Tioie. 



I? 



Months 
and 
Days.. 



Time. 



1811 M 
IM 



1812 



1813 



1814 



1816 



1815 



1S17 



M 
M 
s 

M 
M 

S 

s 

M 

M 

S 

M p 

M t 

S 

M 

S 

M 

S 



1818 M 

S 



1819 



1820 



'l821 
1822 



1823 



March 10 
Sep. 2 
Feb. 27 
Aiiff. 22 
Feb. 1 
Feb. 15 
Aug. 12 
Jan. 21 
July 17 
Dec, 28 
June 21 
July? 
Dec. 16 
June 10 
Kov. 18 

pDec 4 
May 16 

pMay 3 
Nov. 8 

p April 21 
May 5 



1830 



1824 



M t 

S 

S 

Mt 

M I 

S 

M 

S 

M f 

M I 

M t 

S 

s 

M t 
Ml 

S 



M p Oct 14 



1825 



April 10 
April 24 
Sep. 19 
Oct. 3 
March 29 
Sep. 7 
p Sep. 22 
March 4 
Feb 6 
Aug. 3 
Jan. 26 
Feb. 11 
Julys 
July 23 
Jan. 16 
June 26 



M p July 11 
S Dec. 20 
M p June 1 



^M 
11 A 

6M 

3 A 

9 M 

9 M 

3iM 

24 A 

7 M 
IHA 

OJA 

M 

HA 

HM 

ioIm 

9 A 

7M 

3iA 

2|M 

84 M 

74 M 

6M 

HA 
Mend. 

I A 
3JA 
7A 
2A 
7M 
6M 
5|M 
OjtM 

4a 

3M 
61 M 
31 M 
9M 
IH A 
44M 

II M 

3Ji 



1825 



1826 



1827 



1828 



1829 



1831 



S 

M p 
M t 
M t 
S 
S 

M I 
M , 
S 
S 

M , 
M, 
S 

s 

M t 
M t 
M ] 
M 1 



June 16 
Nov. 25 
May 21 
Nov. 14 
jNov. 29 
April 26 



Oi 



A 
A 



A 

A 



1832 
1833 



1834 



1835 



1836 



1837 



1838 
1839 



1840 



M 
M 

S 

M 

M 

M 

S 

M 

S 

M 1 

S 

M 1 

Mt 

S 

M t 

M 1 

M I 

S 

S 

M 

S 

M 



May 11 
Nov. 3 
April 14 
Oct 9 
March 20 
Sep. 13 
Sep. 28 
Feb. 23 
March 9 
Sep. 2 
Feb. 26 
Aug. 23 
July 27 
Jan. 6. 
July 2 
July 17 
Dec. 26 
June 21 
Dec 16 
May 27 
p June 10 
Nov. 20 
May 1 
May 15 
Oct 24 
April 20 
May 4 
Oct 13 
April 10 
Oct 3 
March 15 
Sep. 7 
Feb. 17 
March 4 
Aug. 13 



IH M 
34 M 
«} M 

5 
9f M 

2 
7 

2* 

5 

2 
11 

5 
10| M 

2* 

8 

I 

7 
10 

H M 

&i M 

H 
11 
11 M 

^ M 

^ 

H 

9 

H 
11* 

2i 
3 

2* 

lOi 

2 



M 
A 
SI 
M 
M 
A 
A 
A 



M 
M 
A 



A 
A 



A 
A 
A 
A 
A 
M 
A 
A 
A 
A 
M 
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^ 

A 



1841 



1842 IVI 
S 
M 
M 
M 
S 
M 
M 



1843 



1844 



1845 S 
M 



Months 
aod 
Days. 



M p 



1847 



1846S 
S 
M 

S 

s 
m 

s 



1848 



1840 S 
M 

rM 



1851 



1852 



1850 S 

S 

M 

M 

S 

M 

M 

S 

M 

M 

M 

M 

M 

S 

M 

M 



1853 
1854 



1855 



185« 



Feb. 6 
Feb. 21 
July 18 

t lAug. 2 

pLraB.26 
July 8 
July 22 
June 12 
Dec. 7 
Dec. 21 
May 31 
Nov. 25 
May 6 
May 21 
Nov, 14 
April 25 
Oct. 20 
March 31 
Sep. 24 
Oct 
March 19 
Sep. 13 
Sep. 27 
Feb. 23 
March 
Sep. 2 
Feb. 12 
Aug. 7 
Jao. 17 

pJuly 13 
July 28 
Jan. 7 

t July 1 

Dec. 11 

Dec. 26 

June 21 

May 12 

Nov. 4 

May 2 

May 16 

Oct 25 

April 20 



Time. 



24 
11 

2 
10 

6 

7 
11 

8 

Oi 

5i 
Hi 

0* 
lOi 

^ 
1 

H 

3 

,®* 
10 

5 

24 
64 

3f 

4 

1 

6 

4 

94 

44 

24 
8 



M 

M 
A 

M 
A 
M 
M 

M 
M 



1856S 
M 



A 
A 
M 
A 
M 
A 
M 
A 
M 
A 
V 
M 
M 
M 
M 



^ 



1859 



1861 



1857 S 

1858 M 

S 

M 

M 

S 

M 

M 

S 

M 

S 

S 

M 

S 

M 

M 

S 

1S63|S 
M 
M 
[S 
M 
M 



M186O 
A 
M 
M 
A 
M 
A 
M 
A 



1862 



1864 
M1865 
M 
A 



M1866S 



186: 

M 
M 

1868 S 

S 



1^69 



1870 



S 



1871 



Moothfl I 
and I Time. 
Days. 



M 
M 

IS 

M 

M 



M 



Sep. 29 
Oct 13 
Sep. 18 
Feb. 27 
March 15 
Aug. 24 
Peb. 17 
July 29 
Aug. 13 
Feb. 7 
July 18 
Aug. 1 
Jan. 11 
July 8 
Dec. 17 
Dec. 31 
June 12 
Dec. 6 
Dec. 21 
May 17 
June 2 
Nov. 25 
May 6 
April 11 
Oct 4 
Oct 19 
March 
March 31 
Sep. 24 
Oct 8 
March 6 
p March 20 
p Sep. 14 
Feb. 23 
Aug. 18 
p Jan. 28 
p July 23 
Aug. 7 
i Jan. 17 
t July 12 
Dec 22 
plJan. 6 



4 

H4 

6 

lOi 

04 

24 
It 

H 

2 A 

54 A 
3^ M 
2 M 
^4 M 

^^ 
6} M 

8 M 



M 
A 

M 
A 

A 
A 

M 
A 
A 

M 








M 
A 
M 
M 



01 M 
5 M 



11 

5 

1610 

5 

l^ 

10 
9 

1 

10 

3 

11 

Of 

H 



A 
A 
A 
M 
A 
A 
M 
M 
M 
A 
M 
M 
A 
A 
A 
A 
A 
A 
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MoDttlB 

aod 
Days. 



s* 



1871 



J 8 72 



1873 



1874 



1875^ 



1876 



1877 



1878 



1879 



1880 



3 
M 
S 
M 
S 
M 
M 
S 
M 

ai 

8 
M 

S 

s 

M 

M 

M 

S 

S 

M 

M 

S 

M 

S 

S 

M 

S 

M 

M 



1881 S 



1882 



1883 



1884 



1885 



Mt 

M , 

S 
S 

M 1 
M , 

S 

s 

Mt 
Mt 
S 
M I 



June 18 
July 2 
Dec. 12 
May 22 
Juae6 
Nov. 15 
May 12 
May 26 
Nov. 4 
May 1 
Oct. 10 
Oct. 25 
April 6 
Sep. 20 
March 10 
Sep. 3 
Feb. 27 
March 15 
Aug.O 
Aug. 23 
Feb. 17 
July 20 
Aug. 13 
Jan. 22 
July 19 
Dec. 28 
Jaa. 1 1 
Juoe 22 
Dec. 16 
Dec. 31 
May 28 
June 12 
Dec. 5 
May 17 
Nov. 11 
AprU22 
Oct. 16 
Oct. 31 
March 27 
April 10 
Oct. 4 
Oct 19 
March 30 



Time. 



^ 

^* 
"J* 

4|A 
4^ A 

8 
7 

4 

H 

3 
5 

11 J 

9^ 



r 



1885 
1886 
1887 



1888 



1889 



1890 



Mt 
Mlt 

M p 
M 
S 
M 

S 



1891 



Merid 



9 

11 
2 
4 
2 

H 

8 




Merid. 
74 M 
04 M 
6 M 

Merid. 

10^ A 



1893 
1894 



1895 



1896 



1897 
1898 



1899 



1900 



M , 
Mt 
S 

Mt 
1892 m p 
M 
S 
M 
S 
M 
S 

Mt 
S 
3 

-VI t 
M p 
S 
M p 



Months 

aod 

Days. 



Sep. 24 
Aug. 29 
Feb. 8 
Aug. 3 
Aug. 19 
Jao. 28 
July 23 
Jan. 17 

pJuly 12 
Deg. 22 
June 23 
June 17 
Nov. 26. 
May 23 
Juoe 6 
Nov. 16 
May 11 
Nov. 4 
April 16 
March 21 
April 6 

pSep. 15 
Sep. 29 
March 1 1 
March 26 
Aug. 20 
Sep. 4 
Feb. 28 
Aug. 9 
Aug 23. 



Time. 



8* 
6 

'I* 

9 
1 
6 
10 
2 
7 

^* 
0^ 

Hi 

^ 

3 

2* 
4i 
41 

H 
4 
10 

0* 

6 

8 

7 



No visible Eclipse. 



M 
S 

M p 
Mt 
S 
S 

Mt 
M p 



S 
M 
S 



piJao. 8 
Jao. 22 
July 3 
Dec. 27 
Jao. 11 
Juoe 8 
Juoe 23 
Dec. 17 
May 28 

p June 13 
Nov. 22 



Oi 
8 

12 

11 
7 

2* 
H 

4 
8 



M 
A 
M 

A 
M 
A 
M 
M 
A 
A 

M 
A 
A 
A 
M 
A 
A 
A 
A 
M 
M 
M 
M 
M 
A 
M 
A 
M 
M 

M 

M 
A 
A 
A 
M 
A 
M 
A 
M 
M 
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Add the nomber taken from this table 
to the day of the month ; the wm (w- 
jeeUng 30, if it exceed SO,) is the 
age- 


< 
1 


High 
Water. 
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> 2 
113 

2 24 
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23 
"4 
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26 
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2 
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1 11 

1 46 

2 21 
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Though the preceding tahle he calculated only for nioeteen years, 
it vrill answer for « century to eome, hj changing the yean at the expi- 
ration of nineteen ; thus, instead of 1805, write 1824, and so on in a 
gradual succession to 1842, without any alteration in the figures under 
the months ; and when these years are elapsed, hegiB again with 
184d,ftc. 

To find the time of new moon, subtract the number in the.table oppo- 
•ita to the given year, and under the given month, from flO. 

BxampUs. The time of new moon in March 1820, is on the 14tb, 
<sbSO— 16 ;) in December the same year, new moon happens on the 
Z^th (aBdO— 25 ;) and so on for any other year and month. 

To find the time of full moon, subtract the number in the table op« 
p«Mite to the given year, and under the given month, from ^ ; if the 
remainder be t5, full moon happens on the dOth day of the month ; If 
the remainder exceed 15, the excess above 15 is the day of the month 
OB which full moon happens ; if the remainder fall short of 15, add 15 to 
it, and the sun will show the day of the month on wiuch full moon will 



pks. Full moon happens on January 50, 1820, (d(^15»15.) 
In November, 1818, full moon happens on the 12 (flo— 4^b^7, and 2T— 
15»12.) In January, 1818, full moon happens on the 2S (30 g5»^ T, 
AndT-f. 1531^22.) 

At the time of conjunction, or new moon, the sua and moon are in 
tlie same sign and degree, and the moon*s motion is 12^ 11' 6'^ swifter 
than the apnarent motion of the san (seethe note paioa T4 ;) if this 
difference, therefore, be multiplied by the moon's age, the product will 
Sive the number of degrees which the moon's place is before the sun's ; 
and, as the sun's place is readiljr found by the globe, the moon's place 
"Mrill be easily obtained. Likewise, if the place of the moon's node* be 
given for any particular year, its place for any other year may be cal- 
tmlated, the mean annual variation being about 19« IfK 4V' (see page 
ISS.) Henoe,tbe following problem may be solved, though not very 
accurately, without an ephemeris. 



* In a central eclipse of the moon, the moon's place at the middle o^ 
the eclipse Is directly opposite to the sua, and the moon is then in ona 
of her nodes. If the sun's place in the ecliptic be detemined at that 
time by observation, the opposite point wifl be the true place pf the 
moon's node. 
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PROBLEM LT. 

To Jiud the time of the year when the sun or moan will 
be liable to be eclipsed. 

Rtde. 1. Find the place of the moon's nodes, the 
time of new moon, and the sun^s longitude at that time, 
by an epbemeria i"^ then, if the aun be irithin 17 de- 
grees of tbe moon's node, there iriit bean eclipse of the 
sun. 

2. Find the place of the moon's nodes, tbe time of 
fpU moon, and the sun's longitude at that time, by an 
ephemeris ; then, if the sun's longitude be within 12 
degrees of the moon's node, there will be an eclipse of 
the moon. 

Example^. 1. On the 15th of January, 1805, there 
was a full moon, at which time the place of the moon^s 
node was » 25^ 54', and the sun's longitude y}25^; did 
an eclipse of the moon happen at that time ? 

Answer. Here tbe sun was nearly in the moon's node, therefore, a 
total eclipse of the moon took place ; for, when Uie sun is in one of 
the moon's nodes at the time of full moon, the moo|i is in the other node, 
and the earth is directly between them ; the moon's place was conse- 
quently about ft:>^ in Cancer. 

2. It appears by the foregoing tabl^, that there was a 
new moon on the dOth of January, 1805, at which time 
the place of the moon's node was Vf 25° 16^, and the 
sun's longitude or place was ^ 10° ; was there an eclipse 
of the sun at that time ? 

3. By the foregoing table, or by an ephemeris, there 
was a new moon on the 19th of October, 1808, at which 
time the place of the moon's node was K 13^ 6% and the 
sun's longitude ^ 25° 56' ; was there an eclipse of the 
sun at that time ? 

4. On the 3d of November, 1808, there wa» a full 
moon, at which time the place of the moon's node wasnt 
12° 18', and the sun's longitude ni 10° 55' ; was there 
an eclipse of the moon at that time ? 

5. On the 4(h of April, 1810, there was a new moon, 
at which time the place of the moon's node was ^ 14° 



* White's %hQiBeri«, or the Nautical AUaanBC 
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57' aod the sun's longitude f 14P 4% was there an 
eclipse of the sun at that time ? 

6. On the 28th of September, 181 0, there was a new 
moon, at which time the place of the moon's node was 
s£b 5^ 32' ; and the sun's longitude ^ 4° 48' ; was there 
an eclipse of the sun at that time ? 

PROBLEM LVI. 

To explain thepbenomenon of the harvest moon. 

Definition* I. The harvest moon, in north latitude^ 
is the full moon which happens at, or near, the time of 
the autumnal equinox ; for, to the inhabitants of north 
latitude ; whenever the moon is in Pit^ces, or Aries (and 
she is in these signs twelve times in a year,) there is verj 
little difference between her times of rising for several 
nights together, because her orbit is at these times near- 
\y parallel to the horizon. This peculiar rising of the 
moon passes unobserved at all other times of the jear 
except in September and October ; for there never can 
be a full moon except the sun be directly opposite to 
the moon : and as this particular rising of the moon can 
only happen when the moon is in K Pisces or T Aries, 
the sun must necessarily be either in w Virgo or >& Li- 
bra, at that time, and these signs answer to the months 
of September and October. 

J)eJinition* 2. The harvest moon. In south latitude, 
is the full moon which happens at, or near, the time of 
the vernal equinox; for»(othe inhabitants of south lati- 
tude, whenever the moon is in nK Virgo or -a. Libra (and 
she is in these signs twelve times in a year,) her orbit is 
nearly parallel i0 the horizon ; but, ' when the full moon 
happens in nK Virgo or ^ Libra, the sun must be either 
in K Pisces or T Aries. Hence, it appears that the har- 
vest moons are just as regular in soutn latitude as they are 
in north latitude, only they happen at contrary times of 
the year. 

Utile for pprfarming the Problem. — 1. For north 
latitude. Elevate the north pole to the latitude of the 
the place, put a patch or make a mark in the ecliptie on 
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the point Aries, and npoh every tweire* degrees pre- 
ceding and following that point, till tbere be ten or eievoB 
marks ; bring that mark which is the nearest to Pisces 
to the eastern edge of the horizon, and set the index to 
12 ; torn the globe Westward fill the other marks sue* 
eessjyely come to the horizon, and observe the hours 
passed over by the index ; the intervals df time be- 
tween the marks coming to the horizon will show the di- 
urnal difference of time between the moon's rising. If 
' these marks be brought to the western edge of the hori- 
zon in the same manner, you will see the diurnal differ- 
ence of time between the moon's setting ; (or, when 
there is the smalieit difference between the times of the 
moon's rising,! there will be tiie greatest differ^ice be- 
tween the times of her setting ; and, on the contrary, 
when there is the greatest difff^reoce between the times 
of the moon's rising, there will be the least diflbreoce 
l>etween the times of her setting. 

NoTB. As the m'loii'f •o<let yary ttieir fNMitioii and form a eosn- 
plete revolotion in about nineteen years, there will be a regalar period 
of all the varieties which can happen ia the rising and setting of the 
moon during that time. The following table (extraOed from Fergasoa'k 
Aftronomy) shows in what yearf the hanreit moons art the least and 
the most beneficial, with regard to the times of their rising, fh>m 1805 to 
2860. The colunms of years under the letter L are those in which the 
hanrest moons are least beneficial, because they faM aboat the descend* 
ing node ; and those onder M are the SMMt beaffieia}, beeaoie th^ 
fall about the aaoeading node. 

LLLL MMMM 



1S07 1814 18Si 1847 

1808 1815 ISaS 1848 

1809 18^ 18SS 1849 

1810 1827 1834 1850 

1811 1828 t8U 1851 
181£ 1829 1845 189^ 
18ia 18S0 1846 



1806 18tt 1808 1854 

1806 182S 1839 1855 

1816 1824 1840 1856 

1817 1825 1841 1857 

1818 iaS5 1842 1858 

1819 1836 .1843 1859 

1820 1837 . 1853 1860 
1821 



* The reason why yon mark every 12 degrees is, ^lat the moon 
gaioi 12« 11' of the sua in. the ccBptic everyday ( «e the 2d iM>te,.rw 
47.) 

t At London when the moon rises in the point Aries, the .ecliptic 
at that point makes an angle of only 15 degrees with tile horisen ; but. 
When she sets in the point Aries, it makes an angto of 62«degrees4 and, 
when the moon risai ia the point Libra, the ecliptic, at that poii^» 
makes an aneleof 62 degrees with the horizon ; but, when she sets id 
tlie point Libn^ it onl^ makes an angle of 15 degrees with the hori- 
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For south latitude. iHevate (he south pole to the 
latitude of the place, put a patch or make a mark on the 
ecliptic on the point Libra, And upon every twelve de* 
grees preceding and following that point, tjll there be ten 
or eleven marks ; bring that mark which is the nearest 
to Virgo, to the eastern edge of the horizon, and set the 
index to 12; turn the globe westward till the other 
marks successively come to the horizon,and observe the 
hours passed over by the index ; the intervals of time 
between the marks coming to the horizon, will be the di- 
urnal difference of time between the moon's rising &c« 
as in the foregoing part of the pr€rf)lem.'^ 

PROBLEM LYIL 

The day and hour of an eclipse of any one of the satel^ 
lites of Jupiter being given^ to find upon the globe 
all those places where it will be visible* 

Rule. Find the sun's declination for the given day^ 
and elevate the pole to that declination ; bfing the place 
at which the hour is given to the brass meridian, and set 
the index of the hour circle to 12 ; then^ if the given 
time be before noon, turn the globe westward as many 
hours as it wants of noon ; If after noon, turn the globe 
eastward as many hours as it is past noon ; fix the globe 
in this position : then, 

1. If Jupiter rise after the sun^^ that is, if he be an 
evening star, draw a line along the eastern edge of the 
horizon with a black lead pencil, this line will pass over 
all places on the earth where the sun is setting at the 
given hour ; turn the globe westward on its axis till as 
many degrees of the eqoator have passed under the brass 
meridian as are equal to the difference between the sun's 
and Jupiter's right ascension ; keep the globe from r^* 



* This tolntioD is on a SHppositioD that the moon Iceeps oonstantly 
in the f^cliptic, which is sufficiently accurate for illustrating the prob- 
lem. Otherwise the latitude and longitude of the moon, or her right 
ascension and declination, may be talcen from the £phemeris, at the 
time of full moon, and a few days preceding and following it ; her place 
will then be truly marked on the elobe. 

t Jupiter rises after the lan, when his longitude is greater than the 
sun's longitude. 

3i 
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yolriog on iti axis, and elevate the |N>ie as many degreed 
above the horixon as are equal to Jupiter's dedinatioDf 
then draw another line with a pencil along the eastern 
edge of the horizon ; the eclipse will be visible to ^very 
place between these lines, viz. from the time of the sun's 
setting to the time of Jupiter's setting. 

2. If Jupiter rise before the aun^* that is, if he be a 
morning star, draw a hne along the western edge of the 
horizon with a black lead pencil, this line will pass over 
all places of the earth where the sun is rising at the giv* 
en hour ; turn the globe eastward on its axis till as ma- 
nj degrees of the equator have passed under the brass 
meridian as are equal to the difference between the sun's 
and Jupiter's right ascension ; keep the glpbe from re- 
volving on its axis, and elevate the pole as manj de- 
grees above the horizon as are equal to Jupiter's decli- 
nation, then draw another line with a pencil along the 
western edge of the horizon ; the eclipse will be visible 
to every place between these lines, viz. from the time 
of Jupiter's rising to the time of the sun's rising. 

Examples. 1. On the 13th oi January, 1805, there 
was an emersion of the first satellite of Jupiter at ^ m. 
3 sec. past five o'clock in the morning, at Greenwich ; 
where was it visible i 

Answer. In this example the longitiide of the ran exceedg the loo* 
xitnde of Jupiter, therefore, Jupiter was a morning star, his declinatioa 
being 19* 16' S. and his longitude 7 signs f9o i6^ by the Naotical Al- 
manac : his right ascension and the sun*8 right ascension may be found 
by the globe : for if Jupiter's lonffltude In the ecliptic be brought to 
the brass meridian, bis place will stand under the degree of his declinik 
tion ;f and his right asceasion will be found on the equator, reckoning 
from Ariel*. This eclipse was risible, at Greenwich, the greater pari 
of Europe^ the west af Africa, Cape Verd Islands, &o. 

2. On the 8th of February, 1813, at 9 m. 21 see. past 
ten o'clock in the evening, at Greenwich, there was 
an emersion of the first satellite of Jupiter ; where was 
the eclipse visible ? Jupiter's longitude at thai 



* Jupiter rises before the sun when his longitude is less thaa the 
eun's longitude. 

t This is on nipposition that Jupiter moves on the ecfiptic, and, at 
he deviates but little therefrom, the solution by this meUiod will b^ 
sufficiently accurate. To know if an edipse of any one af the satel« 
lites of Jupiter will be visible at any place ; we are directed by the 
r^autical Mmanac, to * find whether Jupiter be 8* above the horiion 
of the place, and the sua as much below tt." 
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time being 4 signs 2^ 12^ ; and his decrmation 20^23' 
north* 

3. On the 20th of March, 1813, at 8 m. 32 sec. past 
one o'clock in the morning at Greenwich, there was 
an emersion of the second satellite of Jupiter; where 
was the eclipse visible? Jupiter's longitude at that 
time being 3 signs 29^ 4' ; and his declination 21^ 5' 
north. 

4. On the 18th 6f October, 1813, at $2 m. 3 sec. past 
three o'clock in the morning, at Greenwich there was 
an emersion of the first satellite of Jupiter ; where 
was the eclipse visible ? Jupiter's longitude at that 
time being 5 signs 3^41% and bis declination 10^59' 
north. 

5. On the 19(h of October, 1813^ there was an 
immersion of the second satellite of Jupiter at 53 m. 49 
sec. past 3 o'clock in the morning at Greenwich ; where 
was the eclipse visible? Jupiter's longitude at that 
time being 5 signs 3 deg. 41 min. and his declination 10 
deg. 59 m. north. 

6. On the 10th of November, 1813, there was an 
immersion of the first satellite of Jupiter at 1 min. 16 
sec. past four o'clock in the morning, at Greenwich ; 
where was the eclipse visible ? The longitude of 
Jupiter being 5 signs 6 deg. 36 min. and his declination 
9 deg. 58 min. north. 

PROBLEM Lynt 

To place the terr^trial globe in the sun-ahifUf so ikiA 
it may represent the naiural position af the earth* - 

Rule. If you have a meridian line")^ drawn upon a 
horizontal plane, set the north and south points of the 
wooden horizon of the globe directly over this line ; or, 
place the globe directly north and south by the mariner's 
compass, taking care to allow for the variation ; bring 
the place in which you are situated to the brass meri*' 



* Ag a meridian line is luefbl for fixing a horisontal dial, and for 
placing a globe directly north and spnth, &c. the diffenmt methods of 
di^wing a Une of tbip kind will j^reMe the prpblen^ w disQlDg. 
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diabi tnd elevate the pole to its latitude ; then the globe 
vill correspond in every respect with the situation of 
the earth itself. The poles, meridianSy parallel circleSt 
tropics, and all the circles pn the globe, will correspond 
witn the same imaginary circles in the heavens ; and 
each point, kingdom, and state, will be turned towards 
the real one, which it represents. 

While the sun shines on the globe, one hemisphere 
will be enlighteifed, and the other will be in the shade : 
thus, at one view, may be Sjeen all places on the earth 
which have day, and those which have night.* 

If a needle be placed perpendicularly in the middle of 
the enlightened hemisphere (which must of course be 
upon the parallel of the sun's declination for the given 
day,) it will cast no shadow, which shows that the sun is 
vertical at that point ; and if a line be drawn through 
this point from pole to pole, it will be the meridian of the 
place where the sun is vertical, and every place upon 
this line will have noon at that time ; all places to the 
.west of this line will have morning, and all places to the 
east of it afternoon. Those inhabitants' who are situated 
on the circle which is the boundary between light anci 
shade, to the westward of the meridian where the f^un is 
vertical, will see the sun rising ; those in the same cir- 
cle to the eastward of this meridian will see the sun set* 
ting. Those inhabitants towards the north of the cir- 
cle which is the boundary between light and shade, will 
perceive the sun to the southward of theoif in the hori- 
zon ; and those who are in the same circle towards the 
south, will see the sun in a similar manner to the north 
of them. 

If the sun shine beyond the north pole at the given 
time, his declination is as many degrees north as he 
phines over the pole ; and all places at that distance 
from the Dole will haye copstant day, till the Pvn^s de- 
clination decrea^Sy apd those at the same distance from 
the south pole will have constant night. 



* Fortbtg part o( the problem it would be more oonvenient if the 
fdobe i^old be piroperly supported without the frsme of it, because (h^ 
wadow of itft stand, and tnat of its horison, will darken several partf 
of the nirfaee of the ^lobe, which would otherwise be enlishteBed. 
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If the sun do not shine so far as the north pols at the 
given time, his declination is as many degrees south as 
the enlightened part is distant from the pole ; and all 
places within the shade, near the pole will have constant 
night, till the sun's declination increases northward* 
While the globe remains steady in the jposition it was 
firat placed, when the sun is westward of the meridian^ 
you may perceive on the east side of it, in what manner 
the sun gradually departs from place to place as the 
night approaches ; aricl, when the sun is eastward of the 
meridian, you may perceive on the western side of it, in 
what manner the sun advances from place to place as 
the day approaches. 

PROBLEM LDC. 

The latitude of a place being given j to find the hour of 
the day at any time the sunehinea. 

Rule. 1. Place the north and south points of the 
horizon of the globle directly north and south upon a 
horizontal plane, by a meridian line, or by a mariner's 
compass, allowing for the variation, and elevate the pole 
to the latitude of the place ; then, if the place be in north 
latitude, and the sun's declination be. north, the sun will 
shine over the north pole : and if a long pin be fixed 
perpendicularly in the direction of the axis of the earth, 
and in the centre of the hour circle, its shadow will fall 
upon the hour of the day, the figure XII of the hour 
pircle being first set to the brass meridian. If the place 
l^e in north latitude, and the sun's declination be above 
ten degrees south, the sun will not shine upon the 
hpur circle at the north pole. 

Bule. 2. Place the globe due north and south upon a 
horizontal plane, as before, and elevate the pole to the 
Iatit.u4e Qf the place ; find the sun's place in the eclip- 
tic, bring it to the brass meridian, and set the index of 
the hour circle to XII ; stick a needle perpendicularly 
in the sun's place i^ the ecliptic, and turn the globe on 
its axis till the needle casts no shadow ; fix the globe in 
this position, and the index will show the hour before 12 
in the morning, or after 12 in the afternoon. 

Rule. 3. Divide the equator into 24 equal parts 
from the point Aries^ oi^ which, plape the number 
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VI; and proceed westward VII^ VIII, IX, X, XI» 
Xllf If Ilf Ilii I Vi V, yi which Will fall upon the point 
l^ibra, VII, VIII, IX, X, XI, XII, I, II, III, IV, V ;* 
(Bievate the pole to the latitude, place the globe due 
north and south, upon a horizontal plane, b^ a meridian 
line, or a good mariner's compass, allowing for the va- 
riation, and bring the point Aries to the brass meridian ; 
then observe the circle which is the booodary between 
light and darkness westward of the brass meridian, and 
it will intersect the equator in the given hour in the 
morning ; but, if the same circle be eastward of the brass 
meridian, it will intersect the equator in the given hour 
in the afternoon* 

Or, Having placed the globe upon a true horizontal 
plane, set it due north and south by a meridian line ; 
elevate the pole to the latitude, and bring the point Aries 
to the brass meridian, as before ; then tie a smal! string, 
with a noose, round the elevated pole, stretch its other 
end beyond the globe, and move it so that the fihadow 
of the string may fall upon the depressed axis ; at that 
inst&nt its shadow upon the equator will give the hour.f 

FBOBLEM LX 

To find the sun^s altitude^ by placing the globe in the 
sun-shine. 

Rule. Plaee the globe upon a truly horizontal plane, 
stick a needle perpendicularly over the north pole,;]; in 
the direction 6( the axis of the globe, and turn the pole 
towards the sun, so that the shadow of the needle may 
fall upon the middle of the brass meridian ; then elevate 
or depress the pole till the needle casts no shadow ; for 



* On Adams' globes the aDtarctic circle is thus divided, by which 
the probi em may be solved. 

t The learner must remember that the time shown in this problem 
is solar time, as shown by a sun-dial ; and. therefore, to agree with 
a good clock or watch, it must be corrected by a table of equation of 
time. See a table of this kind among the succeeding problems. 

X It would be an improvement on the globes were our instrument- 
makers to drill a very small hole in the brass meridian over the north 
pole. 
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then it will point directlj to the san ; the elevation of 
the pole above the horizon will be the sun's altitude. 

PROBLEM LXL 

Tofindthesun^sdecliwAtiont his plfue in the tcliptiCf 
and his asimuth^ by placing the globe in the swir 
shine. 

Rule. Place the globe upon a trul j horizontal plane, 
in a north and south direction by a meridian line, and 
elevate the pole to the latitude of the place ; then, if 
the sun shine beyond the north pole, his declination is 
as many degrees north as he shines over the pole ; if the 
sun do not shine so far as the north pole, his declination 
is as many degrees south as the enlightened part is dis* 
tant from the pole. The sun's declination being founds 
his place may be determined by Prob. XX. 

Stick a needle in the parallel of the sun's deelinatioDr 
for the given day,"* and turn the globe on its axis till the 
needle casts no shadow ; fix the globe in this position^^ 
and screw the quadrant of altitude over the latitude i 
bring the graduated edge of the ^adrant to coincide 
with the sun's place, or the point where the needle is 
fixed, and the degree on the horizon will show the azi- 
muth* 

PROBLEM LXn. 

To draw a meridian line upon a horisonfal plane, and 
to determine the four cardinal points of the horizon. 

Rule. 1. Describe several circles from the centre of 
the horizontal plane, in which centre fix a straight wire 
perpendicular to the plane ; mark in the morning where 
the end of the shadow touches one of the circles ; in the 
afternoon mark where the end of the shadow touches the 



• On Adams* globeti the torrid zone is divided into deiereet by dotted 
line(i,iotbattlie parallel of the son's declination is instantly found : in 
using other globes, observe the declination on the brass meridian, and 
stick a needle perpendisularly in the globe under that degree* 
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same circle ; divide the arc of the circle contained be^ 
tween theae two points into two equal parts ; a line 
drawn from the point of division to the centre of the 
plane will be a true meridian^ or north and south line ; 
and, if this line be bisected bj a perpendicular, that 
perpendicular will be an east and west line : thus you 
will have the four, cardinal points ; but, to be verj ex- 
act, the plane must be trulj horizontal, the wire must 
be exactly perpendicular to the plane, and the extremi- 
ty of its shadow must be compared not only upon one 
of the circles, as above described, but upon several of 
them. 

Rule. 2. Fix a strong straight wire, sharp pointed, at 
the top in the centre of your plane, nearly perpendicu- 
lar ; place one end of a wooden ruler on the top of the 
wire, and with a sharp pointed iron pin, or wire, in the 
other end of the ruler, describe an arc of a circle ; take 
off the ruler from the top of the wire, and observe, at 
two different times of the day, when the shadow of the 
top of the wire falls upon the arc of the circle deacri* 
bed by the ruler ; mark the two points, and divide the 
arc between them into two equal parts, and draw a line 
from the point of bisection to the centre of your plase | 
this will be a meridian line, 

Rule» 3. Hang up a plumb-line in the sun-shine, so 
that it may cast a shadow of a considerable length, upon 
the horizontal plane, oa which you intend to draw jour 
meridian line ; draw a line along this shadow upon the 
plane, while at the same time a person takes the altitude 
of the sun correctly^ with a quadrant, or some other in* 
strnment answering the same purpose ; then, by knowing 
the latitude of the place, the day of the month, and of 
course the sun's declination, together with his altitude ; 
find the azimuth, from the north, by spherical trigonome- 
try, and substract it from 180^ ; make an angle, at any 
pointof the line which was drawn, upon your plane, 
equal to the number of degrees in the remainder, and 
that will point out the true meridian. See Keith's Trig- 
onometry, page 280. 
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' PROBJ(.BM LXIIL 

To make a horisontctl dial for any latitude. 

D^nitions and ObservationB. — DiaUiog, or the art 
of constructing dials, is founded entirelj on astronomy ; 
and, aa the art -of measuring time is of the greatest im- 
Dortance, so the art of dialling was formerly held in 
tne highest esteem, and the study of it was cultivated by 
all persons who had any pretensions to science. Since 
the invention of clocks and watches, dialling has not been 
90 much attended to, though it will never be entirely ne* 
glected ; for, as clocks and watches are liable to stop and 
go wrong, that unerring ipstrument, a true sua-dial, ia 
yaed to correct and to regulate them. 

,S|ippose the globe of the earth to be transparent (as 
represented by Fig. 4. Plate IL) with the hour circles« 
or meridians. &c. drawn upon it, and that it revolves 
round a real axis NS, which is opaque and casts a shad* 
ow, it ia evident that, whenever the edge of the plane of 
any hour circle or meridian points exactly to the sun, 
the shadow of the axis will faU upon the opposite hour 
circle or meridian. Now, if we imagine any opaque 
plane to pass through the centre of this transparent 
globe, the shadow of half the axb NE will always fall 
upon one side or other of this intersecting plane. 

Let ABCD represent theplape of the horizon of Lon^ 
don, BN the elevation of the pole or latitude of the place; 
qo long as the sua is above the horizon, the shadow of the 
i;ipper half NE of the axis will fall somewhere upon the 
vpper side of the pb^qe AECD. When the edge of the 
plane of any hour circle, as F, O, H, I, K, L, M, O, 
points directly to the si|n, the shadow of the axis, which 
a^is is coincident with this plane, marks the respecdva 
)iour line upon the plane of the horison ABCD; the hour 
line upon the borizootM plane is, therefore, a line drawq 
from the centre of it, to that point where this plane in- 
tersects the meridian opposite to that on which the sun 
shines. Thas, when the sun is upon F, the meridian of 
I^ondon, the shadow of NE the axis wiH fall upon E, 
XIL By the same method^ the rest of the hour lines arw 
found, by drawing, for every hour a line firom^jli^ 99^tf9 

35 



228 vmomjonB ferformeA mr 

of the horisonttti plane to that meridiaOy which is diame- 
tricalljr opposite to the meridian pointing exactly to the 
sun. If| when the hour circles are thus found, all the 
lines be taken away except the semi-axis NE, what re- 
mains will be a horisontal dial for the given place. From 
what has been premised, the following observations nat- 
urally arise : ^ 

1 • The gnomon 6f every sun-dial most always be par- 
allel to the axis of the earth, and must point diretly t% 
the two poles of the world. 

2. As the whole earth is but a point when compared 
with the heavens, therefore, if a small sphere of glass be 

K laced on any part of the earth's surface, so that its axis 
e parallel to the axis of the earth, and the sphere have 
suen lines upon it, and such a plane within it as above 
described ; it will show the hour of the day as truly as 
if it were placed at the centre pf the earth, and the body 
of the earth were as transparent as glass. 

3. In every horizontal dial, the angle, which the style, 
or gnomon, makes with the horizontal plane, must always 
be equal to the latitude of the place for which the dial 
is made. 

Rule for ptrforming the Problem. — Elevate the 
pole so many degrees above the horizon as are equal to 
the latitude of the place ; bring the point Aries to the 
brass meridian ; then, as globes in general* have meri- 
dians drawn through every 15 degrees of longitude, 
eastward and westward from the point Aries, observe 
where the meridians intersect the horizon, and note 
the number of degrees between each of them ; the arcs 
between the respective hours will be equal to these de- 
grees. The dial must be numbered XII at the brass 
meridian, thence, XI, X, |X, VIII, VII, VI, V, IV, 
&c. towards the west, for morning hours ; and I, II, III, 
IV,. V, VI, VII, VIII, &c. for evening hours. No 
more hour lines need be drawn than what will answer to 
the sun^s continuance above the horizon on the longest 



* On Carey's krge globes, tbe neridlaiis are drawn throoeh er«y 
ten demes, an altfmition whieh answers no asefol parpose iHiatever» 
and is in many cases very Inconvenient To solve Uiia preblera, bf 
these globes, meridians mnst be drawn through every fifteen degreea 
with a pendl. 
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day at the given place. The style or gnomon of the dial 
must be fixed in the centre of the dial-plate» and make 
an angle therewith equal to the latitude of the place. 
The face of the dial may be of any shape, as round, el- 
liptical, square, oblong, &c. &c. 

Example. To make a horizontal dial for the latitude 
of London* 

Having elevated the pole 51) 4eg. above the horiaoii, and brought 
the poiat Arieg to the braw meridian, you will find the meridiani on 
the eastern part of the horiaon, reckoning from it, to be !!• 5(/, tk* 
to', &«• y, 55* Sy, 71» 6 ; and 90* for the hours I, II, ill, IV, V, and 
VI ; or, if you count from the east towards the souths they will be 0*, 
18» 54', 36<» 25', 51* 57', 65* W, and 78* W, for the houn VI, V, IV, 
III, II, I, reckoning from VI o'clock backward to XUu There is no 
occasion to give the distance fkrther than VI, because Uie distances 
from XII to VI in the forenoon are exactly the same as from Xil to 
VI in the afternoon ; and hour lines continued through the centre of 
the dial are the hours on the opposite parts thereof. 

rhe following Table, caleulated by q>herical Irigonometnr, contains 
not only the hour ut»^ but the halves and quarters (rom XIC to VL 





Hour 


Hour 




Roar 


Hour 


Hours. 


Angles. 


Arcs. 


Hours. 


Angles. 


Arcs. 


XII. 


0* (/ 
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S 45 
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55 55 


I 


15 
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6S 45 


57 47 


1* 


18 45 


14 5t 


4i 


67 SO 


6t 6 


li 


St 50 


17 57 


«j 


71 15 


66 55 


ll 


t6 15 


tl 6 


V. 


75 


71 6 


n. 


flO 


t4 to 


5k 


78 45 


7$ 45 


9i 


as 45 


t7 56 


n 


8t SO 


80 t5 


^ 


St SO 


SI 


86 15 


85 15 


II] 


41 15 


S4 t8 


VI. 


90 


90 


45 


S8 S 









The ealenlation of the hour arcs by spherioil trigooometry is extreme- 
ly easy ; for while the globe remains la the position above described ; il 
will be seen tint a ri|^l-aagled spherical triang^ ia formed, the per- 
yendicalar of whteh is the latitude, iu base the hour arc, and ita verti- 
eal angle the hour angle. Henee, 

IUaitts,sineof90» 

Istoeineoftbelatitode; 

A«iangenlof the hour aogie, 

Xito the iangeni ef the heurare onlhf horisoik 



2S0 PR08UB1I9 P£i^ORIIlE0 BY 

It nmy be obierved here, that if a lioriBontal dial, which shows the 
Itour by the top of the perpendicular gnomon, be made for a place io ■ 
the torrid hone, Whenever the fun's declination exceeds the latitude of 
tha ylace, the ahadow of the gnomon wlH go back twice In the day, 
once in the forenoon, and once ki the afternoon ; and the greater the 
difierence between the latitude and the sun's declination is, the farther 
the shadow will go back. In the d8tb chapter of Isaiah, Hezekiah if 
promised that his life shall be prolonged 15 years, and as a sign of this, 
he is also promised that tbe shadow of the sun-dial of Ahaa shall go back 
ten d^rees. This was truly, as it was then considered, a miracle ; for, 
as Jerusalem, the {>Iace where the dial of Ahae was erected, was out of 
the torrid zone, the shadow could not possibly go back from any nats? 
ral cause. 

PROBLEM LXIV. 

To make a vertical dial, facing the south, in north lafi- 
hide. 

Definitions and Observations. --^Tht horisontal dial, 
as described in the preceding problem, was supposed to 
be placed on a pedestal, and as the sun alwajs shines 
upon such a dial when he is above the horizon, provided 
DO object intervene, it is the most complete of aHl kinds 
of dials. The next iii utility is the vertical dial facinig 
the south in north latitudes; that is, a dial standing a- 
gainst the wall of a building which exactly Taces the 
south. 

Suppose the globe to be transpareiit, as ia the tott- 
going problem (see Figure 5^ Plate II.) with the hour 
circles or mdridians, F^ O, &, I, K, L, M, O, &o. &t{ '^ 
upon it; ADCB an opaque vertical platae perpend$< 
to the horizon, and passing through the centre oi 
globe. While the globe revolves round its axis ^ 
is evident thhtrif the semi-axis £S bebpaqueand 
shadow, this shadow will always fall upon the 
ABC, and mark out the hours as in the precedini 
lem. By comparing Fig. 5 with Fig. 4, in PI; 
will appear that the plane surface of every dii ~ 
er, is parallel to the horizon of some place or otli 
the earth, and that the elevation of the style or gm 
above the dial's surface, when it tsc^ the iMut^ is 
ways equal io ^ latitude ^f the fdace whose haAwh 
parallel to that surface. Thus ft appears that i^, ^ith 
IS the co*latitude of Ldndon, is the latitude of the place 
whose horizop is represeoH^ by the (Ailie ADCB : for^ 




let the south pole of the globe be elevated 38^ degrees 
above the southern point of the horizon, and the point 
Arieft be brought to the brass meridian ; then, if the 
gll>be be placed upon a table, so as to r^st on the south 
point of the waodea horixo^ it will have exaetlj the ap- 
pearance of Fig. 5, t'late II. the wooden horizon Will 
represent the opaque plane ADCB, the south point will 
be at B, and the north point at D under London, die east 
point at C, and the west point at A. Hence, we have the 
following : 

Rule for performing the problem.-^K the pibce b.e ii| 
notth latitude, elevate the south pole to the complement 
of that latitude ; bring the point Aries to the brass merir 
dian^ then, supposing meridians to be drawn tbroujgf^ 
every 15^ of longitude, eastward and Westward from the 
point Aries (as it is generalljr the case ;) observe where 
these meridians intersect the horizon, and note the numr 
ber of degrees between each of them ; the arcs betweeii 
the respective hours will be ecpial to these degrees. Tbn 
dial Bfitist be numbered XII at the brass mertdhiD, thefrce^ 
XI, X, IX, VIII, VH VI, towards the west> for morn* 
Hig hours ; and T, li. III, IV, V, VI, towards tl^ etet^ 
for evening hours. Aa the aim cannot shine longer upoti 
such a dial as this than from VI in the morning to VI in 
the evening, the hour lines need not be extended aojr 
farther* 

Example. To make a vertical dial for the latitude 
of London. . 

Elevate the soath pole SSJ degveet above the horisoa, and bring the 
point Aries to the braw meridian ; then tbe meridiang will intersect the 
horizon, reckoning from the south towards the east, in the following 
degrees ; 9- S8', 19* 45^, 51« 54'. i?' y, 66«» 44', and 90", for the hours 
I, II, 'III, lY, y, TI; or, ifyoucpunt from the east towards the 
south, they wiU be 0^ 2S« 18', 4«« 51', 58* 6', 70» 15^, 80o SStf, for the 
hours YI, Y, lY, m, II, I. The distances from XII to YI in the fore- 
noon are exactly the same as the distances from XH to YI in the aftei^ 
noon. 

The following table contains not only the hoar arcs, bat the halves 
and quarters from Xf I to YI ; it is calculated exacUy in the same man- 
ner as the table in the preceding problem, osiBg the complemeni of the 
latitude instead of the latitude. 
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TiM stndeiit will iMollaet tint th« time ihewn liy a mufiiaA it not 
tlMexuttiiiieoftbed%y, af ihoiniby a watch er eiook (fee IMnl* 
tkHM 55, 56, And 57, jpu^ It.) ▲ cood eloclc mMsaiM time equeliy, 
bote limpid (tlioadiiiaed for regolauBgeloelcf end weteliet) meenres 
time meaoaily. fte foUowiag table will diow to the oeereft miante 
how maeo a olaefc ihould be liuter or slower than a Mn-dials lueh a 
table ahoold be pat upooeforyhoffiMMitalaiii-dlal. ^ 
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IKalf may be eonstnicted on all kindi otplanei, whelher borinoBtal 
or indined: a vertieal dial nav be made to nee tbe foutb, or any point 
of the compais ; but the two dials already def«ribed are the moiit uiefHl. 
To aeoaire a oonplete knowledge of dialling, the gnomonleal projee* 
lion or the iphere, and the prineiplea of ipherieal trigonometi 
be thoroughly undentood ; thefe preleminaiy branehei nny be 
from Emenon*s Chiomonical Projection^ and Keith's Trigonometry. 
The writers on dialling are Ttry namerodfe ; the last and kist treatise 
on this snbjeet is Bnerson^s. 
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OHAPTBR II. 

FrobUam performed by the Celestial Olobe* 

mOBLEDt LXT. 

Tajind the r^Uasctnaion and declination of the sun^"^ 
or a star. 

Rule* Bring the tun or shir to that part of the brass 
meridian which is numbered from the equinoctial toward* 
the polea; the degree on the braes meridian ia the de- 
clinatioo»and the number of degrees on the equinoctial, 
between the braas meridian and the point Aries, is the 
right ascension. 

Or, Place both the poles of the globe in the hori- 
AUit faring the ami or «tar to the eastern part of the hori- 
zon : then the nanber of degrees which the sun or star 
is northward or southward of the east, will be the decli* 
nation eorth or south ; and the degrees on the equinoc- 
tial, from Aries to the horizon* will be the right ascen- 
sion. 

Examplee. 1. Required the right ascension and de- 
clination of a Dubhef in the back of the Great Bear. 
Aniwsr. Right AMeniioa 169» 41K, declination 62* W N. 

8. Requhed the right aseeDsion and deotinatiens of 
the following stars. 

/8, R^f^iQ Orion. 



V, Algenib^ in Pegasus. 
«, Sdieder^ in Cassiopeia. 



y« JMIofrtx, in Orian. 



/I, Mtrodk, in Andromeda. «» JMr^wear, in Orion. 



«S Atihtmcr^ in Eridanuy. 
«, Mmikar^ io Cetus. 
(^ Algoly hi Perseus. 
«, Aldebaran^ ui Taurus. 
m^CapeUot ui Auriga. 



«S Canepus^ In Argo Navis. 
«, Froqyoft, in the lattle Dog. 
y« Algorab^ io the Crow. 
«, Arehmts^ in Bootes. 
f , Vendamatric^ in ^ligo. 



* The rtgfal Moension and dedinntions of the noon and the plan- 
eta must be found from aa ephemerii; becenie, by their continual 
change of sitnation, thej caaaot he placed on the eeleitial globe, as the 
■tan are placed. 



f im ClBLtSTIAli OXiOBfl^ 365 

PEOBLEBf LXVL 
To find the laiUude and longitude of a Mfar.^ 

Rule. Phce the upper end of the quadrant of alti- 
tude on the north or south pole of the ecliptic, accord* 
ing as the star is on the north or south side of the eclip* 
lic^ and move the other end till tjie star comes to the 
graduated edge of the quadrant ; the number of degrees 
l^tween the ecliptic and the star is the latitude ; and the 
number of degrees on the ecliptic, reckoned eastward 
from the point Aries to the quadrant, is the longitude* 

Or, elevate the north or south pole 66|^ above the 
horizon, according as the given star is on the north or 
south fide ef the ecliptic ; bring the pole of the ecliptic 
to that part of the brass meridian which is numbered 
from the equinoctial towards the pole ; then the eeliptie 
will coincide with the horizon ; screw the quadrant of. 
altitude upon the brass meridian ov#>r the pole of the 
ecliptic : keep the globe from revolving on its axis, and 
move the quadrant till its graduated edge^ comes over 
the given star : the degree on the quadrant cut by th# 
star is its latitude ; and the sign of the degree on the e^ 
cdiptic cut by the quadrant shows its longitude. 

Exampies. 1. Required t|ie latitude and longitiide 
of t^Aldeljaran in Taurus. 

Aiuwer. LaUtude ^« ftS' 6. longitade £ li^iif 6* 55^ ; or S* $y k 
Genuxii. 

2. Required the latitudes and longitudes of the folv 
lowing stars. 



«i, Markah, in Pegasus. 

1^ Scheaty Id Pegasus. 

«, Fomalkaut, id the & Fish. 

M, Denebyka Cyglms. 

m, ulftoir, in the Eagle. 

A AlbireOy in CjgnuB. 



9S Vegu^ In Lyra. 

y, Raatatmj k Draco. 

«, A9ian9^ in AeScoryiop. 

AriJtirus^ in Boolefk 
^, JPeUux^ in Gemini. 
fiy fUgelf uiOtioiu 



* The latitudes and longiliides of tbe f^p^ney nwilt lis ffwpd Hfsm < 

eiifaemeri». 

36 
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PROBLIE^ LXTU. 

The r^U ascension and declination of a star^ the 
moonj a planet f or of a comet, beif^givenfto find its 
place on the globe. 



. JRttle. Bring the given degrees of right ascension to 
that part of the brass meridian which is numbered from 
the equinoctial towards the poies ; tben» under the given 
declination on the brass meridian, yon will find the star, 
or place of the planet. 

Examples. 1. What star has 261'' 29' of right as- 
censiony and 52^27' north declination ? 
Amwer. fi ia Braco. 

2. On the 20th of August, 1805, the moonV right as- 
cension was 91^ 3' and her declination 24^48' ; find her 
place on the globe at that time* 

Aaswer. In the Bd^lky Way, a little above the left foot of Castor. 

3. What stars nave the following right ascensions and 
declinations ? 



Bight Anseuioiu. 


Deellnatioa*. 


Right Aaeenrfons. 


DeeUnMioM. 


7«» 10' 


55°26'N. 


83* 6'. 


34»11'S. 


11 11 


59 38 N. 


86 13 


44 55 N. 


25 54 


19 50 N. 


99 5 


19 26 S. 


46 32 


9 34 S. 


110 27 


38 19 N. 


63 54 


23 29 M. 


113 16 


28 30 N. 


76 14 


8 27 S. 


129 2 


7 aN. 



4. On the first of December, 1813, the moon's right ' 
ascension at midnight was 352^ 21% and her declina- 
tion 17° 25' 8. ; find her place on the globe. 

5. On the first of May, 1805, the declination of Venus 
was 11^41' N. and her right ascension 31° 30^ ; find her 
place on the globe tt that time. 

6. On the 19th of January, 1805, the declination of 
Jupiter was 19° 29' south, and his right ascension 238°i 
find hia place on the globe at that tune. 



T0B CELEfiniAL OLOHE. 
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PROBLEM LXYHL 

The laiiiude and lofigituie of the moon^ a «tor, &r a 
planet being gvvm$ to find its place on the globe. 

Rule. Place the division of the quadrant of altitude 
marked Q, on the given longitude in the ecliptic, and the 
upper end on the pole of the ecliptic ; then under the 
given latitude, on the graduated edge of the quadrant, 
you will Qnd |he star, or place of the moon, or planet* 

Examples. I. What star has signs 6^ 16' of Ion* 
gitttde, and IS"" 36' N. latitude i 

Answer, y In Pegarat. 

2. On the 5th of June, 1813, at midnight, the' moon's 
longitude was 5' 16^8% and her latitude SP 5V N : 
find her place on the globe. 

3. Wnat stars have the following latitudes and longi* 
tttdes i 



12« 35' S. 
5 29 N. 
91 8 S. 
22 52 N. 
16 3 S. 



Longitudes. 
!• 11« 25' 
2 6 53 
2 13 56 
2 18 57 
2 25 51 



liatitudea. 

39«5 33' S. 

10 4 N. 

27 N. 

44 20 N. 

21 6 S. 



liOngitiides. 
» 11<» 13' 

3 17 21 

4 26 57 
7 9 22 

11 56 



4. On the first of June, 1813, the longitudes and lati- 
tudes of the planets were as follows; required their 
places on the globe. 



liongitudes. Latitades. 

5 1« 19« 42' 2'^ 20' S. 

9 2 12 26 OS. 

'% 10 7 35 2 59 8. 



Iiongitndes. Latitndef. 

71 4' 5^ 19' 09 42' N. 

h 9 18 30 21 N. 

« 7 25 20 14 N. 



PBOBIiBMLXDL 

The day and hour^ and Ike latitude of a place being 
' given^ to find what stars are rtsung^ settingf culmina^ 
iingy £c* 

Utile. Elevate the pole to the latitude of the place« 
find ^e sun's place in the ecliptic, bring it to the brass 
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ineridiaDi and set the index of the hour circle to 12; 
then, if the time be before noon, tarn the globe eastward 
on its axis till the index has passed over as many hours 
as the time wants of noon; but, if the time be past noon, 
turn the globe westward till the index ha^ passed over as 
manj hours as the time is past noon ; then all the stars 
on the eastern semi-cirele of the horizon will be rising, 
those OB the western semi-circle wilt be setting, those 
nndet the brass meridian above the horizon will be eat- 
minating, those above the horizon will be visible at the 
given time and place, those below willjbe invisible. 

If the globe be turned on its axis from east to west, 
those 9tars which do not go below the horizon never set 
at the given place ; and those which do not come above 
the horizon never rise; or, if the given latitude be sub- 
tracted from 90 degrees, and circles be described on the 
globe, parallel to the equinoctial, at a distance from it 
eqnal to the degrees in the remainder, they will be tfae 
circles of perpetual apparition and occultation. 

Examples. 1. On the 9th of February, when it is 
nine o'clock in the evening at London, what stars are 
rising, what stars are settings and what stars are on the 
meridian ? 

Aniwer. Alpbaoca id the northern Crown ii rising ; Arctarut and 
JViirnch in Bootes just above the faoriBOn ; Sirins on the meridian ; Pro* 
cyon and Castor and Pollix a little' east of the meildian. The oonstd* 
lations Orion, Taurus, and Auriga, a little west of the meridian; Mari^? 
ah in Pegasus just below the western edge of the horioon, kc, 

% On the 20th of January, at two o'clock in the morn- 
ing at London, what stars are rising, what stars are set* 
ting, and what stars are on the meridian ? 

Answer. Vega hi Lyra, the head of the Serpent, Spica, Virginus, 
&e. are rising ; the liead of thie Great Bear, the Claws of Cancer, ki^ 
on the meridian ; the head of Andromeda, tiie neok of Cetos, and the 
\xAy of Colnmba Noacbi, && are setting. 

3. At ten o'clock in the erening at Edinburgh, on the 
I5th of November, what stars are rising, what stars are 
setting, and what stars are on the meridian ? 

4. What stars do not set in the latitude of London, 
and tit what distaticefrpm the e(||rinpptip] is thecirele of 
perpetual apparition ? 

5. What stars do not rise to the inhabitants of ^din- 
burgh ? and at what distance from the equinoctial is the 
fsirdeof jNerpetOttl optniHationf 



THB ckusshjIlL gloss. 8<^ 

9. What stftrs iiey«r rki« at Otdicite, and what stara 
aever a^t in Jamaica } 

7. How far must a peraoa travel aouthward from Lon-i 
don to lose ei^ht of the Great Bear i 

B. What fttars are continually above the boriaon at 
the north pole» and what atars are constantly below th^ 
h4»ixon there^rf* ? 

PROBIiEM IXX. 

The UUihidt of a placty day of the nunUk^ and hour 
being givm^ to place the globe in 9^ch a maimer as 
to reprvaenithe heavens at that time; in order io find 
out the relaiive situations and names of the constella' 
tions and remarkable stars^ 

Rule. Take the globe ont into the open air, on a 
^lear star-light night, where the surrounding horizon is 
uninterrapted by different objects; elevate the pole to 
the latitude of the place, and set the globe due north 
and south by a meridian line, or by a mariner's compass, 
taking care to make a proper allowance for the variation ; 
find the sun's place in the ecliptic, bring it to the brass 
^ meridian, and set the index of the hour circle to 12 ; then 
if the time be after noon, turn the globe westward on its 
axis till the index has passed over as many hours as the 
time is past noon ; but, if the time be before noon, turn 
the globe eastward till the index has passed over as ma- 
ny hours as the time wants of noon : fix the globe in this 
position, then the flat end of a pencil being placed on 
any star on the globe, so as to point towards the centre, 
the other end will point to that particular star in the 
heavens. 

PROBLEM LXXI. 

To find when any stor, or planet^ will ristf come to 
the meridian, and setai any given place. 

Rule. Elevate the pole so many degrees above the' 
horizon as are equal to the latitude of the place ; find the 
sun's place in the ecliptic, bring it to the brass meridian, 
and set the kidex of the hour circle ,(p 12. Then, if the 
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■far* or phnet be below the horizon, turn the globe 
westwarcl till the star or planet comes to the eatterD 
part of the horiaon, the houra pasaed over bj the indes; 
will ahow the time from noon i^hen it riaea ; and, hj 
coDtinoing the n>otion of the globe westward till the star, 
&c. comes to the meridian, and to the western part of 
the horizon successively, the hours passed over by the 
index will show the time of culminating and setting. 

If the star, &c. be above the horizon and east of (he 
meridian, find the time of culminating, setting, and ris- 
ing, in a aimilar manner. If the star, &c. be above the 
horizon west of the meridian, find the time of setting, 
rising, and culminating, by turning the globe westward 
OB ita axis. 

Examples. 1. At what time will Arctonia rise, come 
to the meridian, and aet at London, on the 7th of Sep- 
tember ? 

Aiiiwer. It will rise at wven o'clock iq the morning, eooie to tlifr 
meridian at three in Uiearternoon, and net at eleven o'cloclc at night. 

2. On the first :>f August, 1805, the longitude of Ju- 
piter was 7 signs 26 deg.^34 min. and his latitude, 45 
mm- N. at what time did he rise, culminate and set, at 
Greenwich, and was he a morning or an evening 
atar. ? 

Answer. Jupiter rose at half past tvro in the after noon, came to 
the meridian ataboat ten minutes to seven, and set at a quarter past 
deven In Um evening. Here Jupiter was an evening star, because he 
set after the sun. 

3. At what time does Sirius rise, set, and come to the 
meridian at London,. on the 31st of January ? 

4. On the 1st of January, 1813, the longitude of Ve- 
ans was 8 signs 5 deg. 55 min. and her latitude 1 deg. 
41 min. N. at what time did she rise, culminate, and 
aet at Greenwich, and was she a morning or an eve* 
ning star ? 

5. At what time does Aldebaran rise, , come to the 
meridian, and set at Dublin, on the 25th of November ? 

6. On the first of February, 1813, jthe longitude of 
Mars was 8 signs 3 deg. 40 min. and latitude deg. 
36 min. N. at what time did he rise, set, and come to 
the meridian at Greenwich ? 



* The latitude and loneitude (or the right ascension and declination) 
of theplanet, must be %&en from an ephemerfs, and Its place on the 
globe ouisl be determiaed by Prob. LXYIU (or IiXYIL) 
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PROBLEM LXXn. 

To find the amplitude of any slar^ Us oblique ascm- 
sion and descension^ and its diurnal arc^ for any 
given day. 

Rule. Elevate the pole to tlie latitude of the place, 
and bring the given star to the eastern part of the hori* 
zon ; then the number of degrees between the star and 
the eastern point of the horizon will be its rising am* 

Elitude ; and the degree of the equinoctial cut by the 
orizon will be the oblique ascension ; set the index of 
the hour circle to 12, and turnihe globe westward till the 
given star comes to the western edge of I he horlson ; 
the hours passed over by the index will, be the star's 
diurnal arc, or continuance above the horizon. The 
setting amplitude will be the number of degrees between 
the star and the western point of the horizon, and the 
oblique descension will be represented bj that degree 
of the equinoctial which is intersected by the horizoQ, 
reckoning from the point Arie9. 

Examples. 1. Required the rising and setting ampin 
tttde of Sirius, its oblique ascension, oblique descension^ 
and diurnal arc, at London. ' 

Aniwer. The rising «DpIitud» is 2T deg. to the fouth- of the ea«t; 
jtetting amplitude 91 &^ south of the west ; oblique atcensioD 1^ deg.; 
oiblique descension 77 deg,; and diuraal arc. 9 hours 6 minntes. 

2. Required the rising and setting amplitude of Alde- 
baran, its oblique ascensfon, oblique descension, and 
diurnal arc, at London.. 

3. Required the rising and setting amplitude of Arc* 
turus, its ot^lique ascension, oblique descension, and 
diurnal arc, at London. 

4. Required the rising and setting amplitude ofy 
Belhitrix, its oblique ascension, oblique descension, and 
diurnal arc, at London. 

PROBLEM LXXm. 

The latitude of a place given^ to find the time of the year 
at which any known star rises or sets acronycaMy, 
that isy when it rises or sets at sun-setting* 

Bule. Elevate the pole to the latitude of the place, 
, bring the given star to the eastern edge of the horizon. 
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and observe what degree of the ecliptic is intersected hy 
the western edge of f he horizon, the day of the monthr 
answering to that degree will show the time when the 
star rises at sun-set, and consequently, when it beginn ta 
be visible in the evening. Turn the globe westward on 
its axis till the star comes to the western edge of the 
horiaott, and observe what degree of the ecliptic is in- 
tersected by the horiaon, as before ; the day of the 
flsonth answering to that degree will show the time when 
the star sets with the sun, or when it ceases ior appear 
in the evening. 

Examples* h At what time does Arcturus rise 
acronycaliy at Ascra^ in Bcetia, the birth-place of 
Hesiod ; the latitude of Ascrat according to Ptolemy^ 
being 37 deg. 46 min. N ? 

Am wer. When Arctanii ii 9t the eattsrn part of the horison. tba 
•eleventh degree of Arie» wiU be at the western part answering to the 
fimt of Apri1,t'the time when Arctnmt risei aeronycally : audit wilt 
•et aeroiiyeaUy on the flOth of* November. 

2. At what time of the year does Aldebaran rise 
aeronycally at Athens, in 38 deg. N. latitude ; and at 
what time of the year does it set aeronycally ? 

3. On what day of the year does y in the extremity of 
the wing of Pegasus rise acrooyeally at London^ andoa 
what day of the year does it set aeronycally ? 

. 4. On what day of the year does r in the right foot of 
Lepus rise aeronycally at London ? And on what day of 
the year does it set acrony caHy ? 



* ^e Dage ii* 

t Henee, Arctums now risef aeronycan|f in latltu^ ST* ii/ N. a- 
tbout 100 days after the winter solstice, meiod, in his Opera k Dies,. 
lib.ii.v<en0lS5, says^ 

When from the solstice sikty wintnr davs 

Their turns have finished, mark, with lelittVing rays, . 

From Ocean's sacred flood, Arctnras rise. 

Then first to grid the dusky evening skies. 
Here ts a diflerenee of 10 days in the a^ronieal risine of this- star 
(sappotfing Hesiod to be correct) between the time of Hesiod and the 
present time ; and as the day answers to abouA 59^of the ecliptic (see 
we note page tS,) 40 days will answer to 89 deg>: oonseqviently, the 
wmtersoMeeln the time of Heviod wai in the 9th deg^of Ai{oariu8. 
Now, the recession of the equiaoxef Is a^ut 50^^ iu a year ; hence, 
S(H" : 1 year : : 59® : 2T94 years since the time of Hesiod ; so that 
he lived 990 years before Christ, by this mode of reckoning. Lem- 
prlere,inhisC^asrieid Dieaonary, says Heiied Uviad 907 yean b^ore 
Chrtet. 
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PROBLEM LXXIV. 

The latitude of a place given^ to find the time of the 
year at which any known star rises or sete cosmical* 
ly, that iSf when H rises or sets at sun-rising. 

Rule. Elevate the pole to the latitude of the place, 
bring the given star to the ei^stern edge of the horizon, 
and observe what sign and degree of the ecliptic are in- 
tersected by the horizoki ; the month and day of the 
month, answering to that sign and degree, will tshow the 
time when the star rises with the sun. Turn the globe 
westward on its axis till the star comes to the western 
edge of the horizon, and observe what sign and degree 
of the ecliptic are intersected by the eastern edge, as 
before ; these will point out on the hfwizon, the time 
when the star sets at sun-rising. 

Examples. 1. At what time of tlie year do the 
Pleiades set cosmicallj at Miletus in Ionia; the birth* 
place of Thales ; and at what time of the year do they 
rise cosmically ; the latitude of Miletus, according to 
Ptolemy, being 37 deg. N. i 

Answer. The Pleiades rite with the son on the 10th of May, and 
they set at the time of sun-rising on the f 2d of November.* 

2. At what time of the year does Sirius rise. with the 
sun at London ; arid at what time pf the year will Sirius 
set when the sun rises i 



• Pliny says (Nat. Hist. lib. xviii. chap. 25.) that Thales determined 
the cosmieal setting of the Tleiades to be twenty-five days after the an- 
tunnal equinox. Supposing this observation to be made at Miletas, 
there will be a difference .of thiit^five days in the cosmical setting of 
this star si nee the time of Thales ; and, as a day answers to about 59' 
ofthe ecliptic, these days will make about d4<^ 25' ; consequently, in 
the lime of Thales, the autumnal equinoctial, oolare passed through 4* 
55' of Scorpio ; and, as before, 50^'"^: lyear : : Si^ 25' : S465 years 
since the time of Thales, so that Thales lived (2465—1804) 661 years 
before O^e birth of Christ. According to Sir Isaac Newton*s Chronolo- 
gy. Thaler flourished 596 before Christ Thales was well skilled in ge- 
ometry, astronomy, and philosophy ; he measured the height and extent 
of the Pyramids of Egypt, was the first who calculated with accuracy, a 
solar eclipse : he discovered the soktices and equinoxes, divided ths 
heavens into five zones, and recommended the division of the year into 
865 days. Miletus was situated in Asia Minor, soath of Ephsms, and 
•Mith east of the island of Samos. 

37 
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3« At whftt time of the jear does Menkar, in the jaw 
of CetuB, rise with the sun, and at what time does it set 
at sun-rising at London ? 

4. At what time of the year does Procyon, in the 
Little Dogi set when the sun rises at Londont and at 
what time of the year does it rise with the sun i 

PBOBLEBI LXXY. 

To find the time cf the seat when any given star risen 
or seis heliacallif.* 

Ryle. The heliacal rising and setting of the stars 
wiH vary according to their different degrees of magni- 
tude and brilliancy ; fork is evident that, the brighter a 
star is when above the horizon, the less the sun will be 
depressed below the horizon when the star first becomes 
visible. According to Ptolemy, stars of the first mag- 
nitude are seen rising and setting when the sun is 12 
degrees below the horizon ; stars of the second magni- 
tude require the sun's depression to be thirteen degrees ; 
stars of the third magnitude fourteen degrees, and soon, 
reckoning one degree for each magnitude. This being 
premised : 

To solve the Problem. Elevate the pole so many 
degrees above the horizon as are equal to the latitude 
of the place, and screw the quadrant of altitude on the 
brass meridian over that latitude ; bring the given star to 
the eastern edge of the horizon, and move the quadrant 
of altitude till it intersects the ecliptic twelve degrees 
below the horizon, if the star be of the first magnitude ^ 
thurteen degress, if the stalp be of the second magnitude ; 
fourteen degrees, if it be of the third nmgnitude &c. : 
the point of the ecliptic, cut by the quadrant, will show 
the day of the month, on the horizon, when the star rises 
heUacally* Bring the g^ven star to the western edge of 
the horizon, and move the quadrant of altitude tiU it in- 
tersects the ecliptic below the western edge of the hori- 
zon, in a similar manner as before ; the point of the 
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ecliptic cut by the quadrant will show the day oftiie 
month, on the horizon, when the star seta heliacallj. 

Examples. 1. At what time does fi Tauri, or the 
bright atar in the BuU'a Horn, of the second magnitude, 
riae and set heiiacaliy at Rome ? 

Ahmtv. The quadrant will iotenect the 3d of Cancer 15 deg. be* 
low the eastern horison, answering to the Sith of June ; and the 7tli 
of Gemini 13 deg* below the western horison, answering to the 28th of 
May. 

2. At what time of the year does Sirius, or the 
Dog Star, rise heiiacaliy at Alexandria in Egypt ; and 
at what time does it set heiiacaliy at the same |^ace i 

Answer. The latitude of Alexandria is 51 deg. IS min. north ; the 
quadrant wUI intersect the 12th of Leo, 12 deg. below the eastern hori« 
son, answering to the 4th of August ;* and on the second of Gemini, 12 
deg. below the western horison, answering to the 2Sd of May. 

3. At what time of the year does Arcturus rise heli« 
acally at Jerusalem, and at what time does it set heii- 
acaliy i 

4. At what time of the year does Cor Hydne rise and 
get heiiacaliy at London ? 



• The aneieats reckoned the beginniiif; of the Dog Days from the 
heliacal rising of Sirius, and their continuance to be about iO davs* 
Hesiod informs us, that the hottest season of the year (Dog Days) ended 
about 50 days a^r the summer solstice. We have determined in the 
note of Example 1. Prob. LXXIII. (though peiiiaps not very acci^ 
ratelyO thai tne winter solstice, in the time of Hesiod, was in the 9th 
degree of Aquarius; consequently, the summer solstice was in the 9th 
degree of Leo; now, it appears from above, that Sirius rises heiiacaliy 
at Alexandria, when the sun Is in the 12th degree of Leo ; and, as a de- 
gree nearly answers to a day^ Sirius rose heiiacaliy, in the time of Hesi- 
od, about four davs after the summer solstice ; and, if the Dog Days 
continued forty days, they ended about forty-four days after the sum- 
mer solstice. The Dog Days, in onr almanacs begin on the third of 
July, which is twelve davs after the summer solstice, and end on the 
eleventh of August, which is fifty-one days after the summer solstice ^ 
and their continuance is thirty-nine days. Hence, it is plain, thet the 
Dog Days of the modems have no reference whatever to the rising of 
8irius, for this star rises heiiacaliy at London on the twenty-fiflh of 
August, and, as well as the rest of the stars, varies ifi its rising and set- 
^g, according to the variation of the latitudes of places, and. (here- 
fore, it could have no Influence whatever on the temperature of theatr 
xpiosphere ; yet, as the Dog Star rose heKacally at ^ coinm(»npeinent of 
^e iiotjtest season in Egypt, Greece, &c in the ea^er eges of the 
world, it was very natural for the ancients to imagine that the heat, 
te. was tl^e efect of this star. A few ye^rs ego, the Dog Days in oor 
almana|» began at the cosmical rising of P/ocyoi|, yiz. on the 50th of 
Jidy, and continued to the 7th of September ; but thev are now, very 
properly altered, and made not to depei^d on the yariable rising of any 
particular ftar, bat oa A> sammer soutioe* 
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flMtioQ from east to west. In the time of Metoii,^ the 
first star in (he constellation Aries, noir marked fi^ pas* 
sed through the vernal equinox, whereas it is now up- 
wards of 30t degrees to the eastward of it. 

illustraiion. Elevate the north pole 90 degrees a- 
bove the horizon, then will the equinoctial coincide with 
the horizon ; bring the pole;]: of the ecliptic to that part 
of the brass meridian which is numbered from the north 
pole towards the equinoctial, and make a mark upon the 
brass, meridian above it ; let this mark be considered as 
the pole of the world, let the equinoctial represent the 
ecliptic, and let the ecliptic be considered as the equi- 
noctial ; then count 38| degrees, the complement of the 
latitude of London, from this pole upwards, and mark 
where the reckoning ends, which will be at 75 degrees, 
en the brass meridian, from the southern point of the 
horizon , this mark will stand over the latitude of Lon- 
don* 

Now turn the globe gently on its axis, from east to 
west, and the equinoctial points will move the same waj, 
^ while, at the same time, the pole of the world|| will de« 
scribe a circle round the pole of the ecliptic§ of 46^ 56^ 
in diameter: this circle will be completed in a PlatonicT 
jear, consisting of 25,791 jears, at the rate of 50\ sec- 
onds in a year, and the pole of the heavens wil) vary its 



* MetoB was a famous nistbaviaiifsian of Athens, who flourished 
mboat 430 years before Christ. In a book called Eooeadecaterides, or 
cycle of 19 years, he endeavoured to adjust the course of the sun and of 
the moon , and attempted to show that the solar and lunar years eould 
legularly begin from the same point in the heavens. 

t If the precession of the equinoxes be 50}^' in a year, and if the equi- 
aoctial oolure passed through fi Arietis, 4S0 years before Christ, the 
longitude of this star ought now (1804) to be 31* 10' 58^', fori year; 
5W' : : 2354 years (»4dO X 1804) : Si^ %(/ 59", andthU longitude is 
not far from the truth. 

f The pole of the ecliptic is that point on the globe, in the arctic 
circle, where tlie circular lines meet. 

I Let it be remembered that the pole of the ecliptic on the globe here 
represents the pole of the world. 

f Take notice, that the extremity of the globe's axis here represent* 
the pole of the ediptic 

S A platonic year is a period of time determined by the irevolution 
of the equinoxes : this period being once completed, the ancients were 
of opinion that the world was to begin anew, and the same 'series of 
^ingt to retuni over ag^o. See the 64th IMution, page 14* 
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sitnatioD a small matter every year. When 12,89d| 
years, being half of a Platonic year, are completed (which 
may be known by turning the globe half round, or tilLthe 
point Aries coincides with the eastern point of the hori- 
zon,) that point of the heavens which is now 8^ degrees 
south of the zenith of London will be the north pole, as 
may be seen by referring to the inark which was made 
over 75 degrees on the meridian. 



PROBLEM LXXVUL 

To find the distances of the stars from each other in dt" 
grees. 

Rilde. Lay the quadrant of altitude over any two 
stars, so that the division marked O may be one of the 
stars ; the degrees between them will show their dis- 
tance^or the angle which these stars subtend, as seen by 
a spectator on the earth. 

Examples. 1. What is the distance between Vega 
in Lyra, and Altair in the Eagle ? 

Answer. 54 Degrees. 

2. Required the distance between fi in the Bull's 
Horn, and y Bellatrix in Orion's shoulder. 

3. What is* the distance between /S in Pollux and « in 
Procyon ? 

4. What is the distance between «, the brightest of 
the Pleaides, and /Sin the Great Dog's Foot ? 

5. What is the distance between « in Orion's girdle, 
and ^in Cetus ? 

6. What is the distance between Arcturus in Bootes.^' 
and /s in the right shoulder of Serpentarius ? 



PROBLEM LXXir. 

To find what stars lie in or near the moon's pathf or' 
what stars the moon can eclipse, or make a near ap- 
proach to. 

Rule. Find the moon's' longitude and latitude, or her 
right ascension and dtclmationi in an ephemerisa for sev* 
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eral days, and mark the moon's places on the globe (as 
directed in Problems LXVIII or LXVIl ;) then by 
laying a thread or the quadrant of altitude, over these 
places, you will see nearly the moon's path,"*^ and, conse- 
quently, wbat stars lie in her way* 

Examples. 1. What stars were in or near the moon^a 
path, on the 10th, 11th, 13th, and 16th of December, 
1805. 



loth, •'& longitude 9, 20° 


12' latitude 3" 


34' S. 


lllh, . . n 4 


22 • -4 


25 S. 


13th, . . A 1 


39 • -5 


15 S. 


16th, ■ - HI 10 


11 - - 4 


26 S. 



Answer. The stars will be found to be Cor Leonis or Regulas, Spi* 
ca Virginit, « in Libra, &c. See page 47, White's Ephemeris. 

2. On the 161h, 17th, 18th, 19th, and 20th of May, 
1813, what stars lay near the moon's way ? 
16th, #'s right ascension, 252° 22', declination 18° 5^ S. 
irth, - - - 264 54 . - 19 3r S. 
18th, . - - 2rr 42 . .20 18 S- 
19th, - - - 290 42 - « 20 23 S. 
20th, - - - 803 47 - .18 48 S. 

PROBLEM UXXX. 

Oiten ihe laiUud$ of the place and Ihe day of the months 
tofind what planets nfill be above the horison after 
gun-setting* 

Rule, Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place ; find the 
sun's place in the ecliptic, and bring it to the western 
part of the horizon, or to ten or twelve degrees below ; 
then look in the ephemeris for that day and month, and 
you will find what planets are above the horizon, such 
planets will be fit for observation on that night. 



* The sitaation of the moon's orbit for any particular day may be 
found thus : find the place of the moon's asceoding node in the Ephem- 
eris, mark that ptace and its antipodcR (being the descending node) on 
the ^obe ; half tlie wav between these points malte marks 5* 20^ on 
the north and south side of the ecliptic, vis. let the northern mark be 
between the ascending and descending node, and the southern between 
the descending and ascending node ; a thread tied roand theie four 
pfAuts willihow the fMiitioK of the iiioon'» orliat. 
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Eviample^. 1. Were anj of (he planete Tisible tfttr 
the 8UD had descended ten degrees*" beloir the horizon of 
London, on the Idt of December, 1805 i Their longi* 
tudes being a« foUowa : 

5 8' 22° 30' % 8* Id'' 27' • 'a longitude at 
9 9 23 40 h 6 24 50 midnight 0* 9* 

6 8 25 21 V 6 ^4 5 
Amswer. Yenu* and \h% mooA wera viBible. 

. 2. What pianeta will be above thehorison of London 
when the auo haa deacended ten degrees below, on the 
2dth of January, 1813 ? Their longitudea being as fol- 
lows : 

» 9' IP 22' % 4> ^ 53' •'a longitude at 
o 9 5 30 ], 9 13 14 midnight 7« 21^47^ 
% r 29 18 » 7 27 14 

PROBLEM LXXXL 

Given the lattttule of ifce place, day of the months and 
hour of the night or mornings to find what planets 
fvill be visible at that hour. 

Rule. Elevate the pole ao many degreea above the 
horizon aa are equal to the latitude of the place ; find 
the sun's place in the ecliptic, bring It to thebraaa meri* 
dian, and aet the index of the hour circle to 12 ; then, 
if the given time be before noon, turn the globe east- 
ward till the index has passed over as many hours aa 
the time wants of noon ; but, if the given time be past 
Doon, turn the globe westward on its axis till the index hap 
passed over as many hourr. as the time is past noon ; let 
the globe rest in this position, and look in the EphemO' 
ris for the longitudesf of the planets, and, if any of them 



P The planets are not visible till the bud i» a certain Dumber of de-* 
green below tbe horizon: and these degrees are variable according to tfaa 
SriglitiieiB of tbe planets. Mercury becomes visible when the son ia 
ab<Nit 10 deg. below the horiaon ; Venus when the sunN depresaion la 
5deg.| Mars 11« d(y : Jupiter 10<»; Saturn ll» ; and the GeonriaA 

t It is not neeeflsary to give the latitudes of the planets in this prolb* 
lam;for,if'the.§igR8'and diigrees of the ecliptic in which their longi- 
tudes are situaied above the aorison, the planets wlU lihswi|« ht ab^vr 
the hoHson. 

38 
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b^ in the aigira which «re above the horizon^ ftuch plan- 
ets will be visible. 

Examples. 1. On the first of December, 1805, the 
longitudes of the planets, by an ephemeris, were as ioK* 
lows : were anj of them visible al London at five o'clock 
in the morning ? 

9 8' 22'^ 30' V 8« W 27' •'s longitade at 
9 23 40 h 6 24 50 midnight 0' 9^ 15'. 
t 8 25 21 96 24 5 

Amwer. Saturn and the Ueorgium Sidus were yisible, and both near* 
I7 in the same point of the heayeus, near the. eastern horison ; Satnm 
was a little to the north of the Georgian. 

2. On the first of October, 1813, the longitudes of the 
planets in the fourth page of the Nautical Almanac, were 
as follows : were any of them visible at London at ten 
o'clock in the evening ? 

9 6« 1^ 26' 71 5' QP 23' •'& longitude at 
9 7 11 43 !2 9 12 55 midnight 9» 0^ 42' 
« 10 8 20 V 7 25 23 

PROBLEM LXXXn. 

The laiUudt of the place and dofv of the month given, to 
find how long Venus rises before the sun^ when she is 
a morning star^ and how long she sets after the sun, 
when she is an evening star* 

Rule. Elevate the pole so manj degrees above the 
horizon as are equal to the latitude of the place ; find 
the latitude and longitude of Venus in an ephemeris, and 
mark her place on the globe ; find the sun s place in the 
ecliptic, and bring it to the brass meridian ; then, if the 
place of Venus be to the right hand of the meridian, she 
IS an evening star ; if to the left hand, she is a morning 
star. .. . 

When Venus is an evening star. Bring the sun's 
place to the western edge of the horizon, and set the in- 
dex of the hour circle to 12 ; turn the globe westward on 
its axis till Venus coincides with the western edge of 
the horizon ; and the hours passed over by the index 
will show how long Venus sets after the 8un« 

When Venus is a morning star. Bring the sun^a 
place to the eastern edge of the horizon, and set the ia* 
dex of the hour circle to 12 ; turn the globe eastward on 
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ite axis till Venus conies to the eastern edge of the ho- 
rizon, and the hours passed overhy the index will show 
how long Venus rises before the sun. 

Note. The same rule^Ul serve/or Jupiter^ hy mark- 
ing his place instead of Ihat of Venus. 

Examples. I. On the first of March, 1805, the lon- 
gitude of Venus was 10 signs IB deg* 14 min. or 18 deg. 
14 min* in Aquarius, latitude deg. ^2 win. south ; 
was she a morning or an evening star ? If a morning 
star, how long did she rise before the sun at London? If 
an evening star, how long did she shine after the sun 
set? 

Ao9w«r« Yenut wai a morning star, and rose three quarters of an 
hour before the ton. 

2. On the 2dth of October, 4 805, the longitude of Ju- 

6itar was B signs 7 deg. 27 min. or 7 deg. 27 min. in 
agittarius, latitude deg. 29 min. north ; wai 
he a morning or an evening star ? If a morning star, 
bow long did he rise befora the sub at London ? If aa 
evening star, how long did he shioe after the sun set I 

Answer. Jupiter was an evening^tar, and sei X hour and tO minutes 
after the sun. 

3. On the first of November, 1813, the longitude of 
Venus was 8 signs 18 deg. 50 min. latitude 2 degrees 3 
min* sooth ; was she a morning or an evening star i 
If she were a morning star, how long did she rise before 
the sun at London ? If an evening star, how long did 
i|l^ shine after the sua set i 

4. On the seventh of January, 1813, the longitude of 
Jupiter was 5 signs 6 deg. 3tj min. latitude deg. 50 
min. north, was he a morning or an evening star? 
II he were a. morning star, bow long did he rise before the 
aun ? If an evening star, how long did he shine after the 
mm set i 
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PROBLEM LXXXm. 



The latitude of a place and day of the month^ being 
givenf to find the meridian altitude of any star or 
planet. 



Rule. Elevate the pole so maoj degrees above the 
horizon as are equal to the latitude of the given place : 
then. 

For a star. Bring the given star to that part of the 
brass meridian which is numbered from the equinoctial 
towards the poles ; the degrees on the meridian, contain- 
ed between the star and the horizon, will be the altitiide 
required. 

li^or the moon or a planet. Look in an ephemeris for 
the planet's latitude and longitude^ or for its right asceo* 
sion and declination, for the given month and day, and 
mark its place on the globe (as in Prob. LXYIII or 
LXV II ;) bring the planets place to the brass meridian ; 
und the number of degrees between that place and the 
horizon wilt be the altitude. 

Examffles. 1. What is the meridian attitude of AU 
debaran in Taurus at London i ^ 

Answer. 54*^6". 

2. What is the meridian altitude of AretiMiis in Bojites, 
at London ? 

3. On the first of September, 1B13, the longitude of 
Mars was 10 signs 2 deg. 20 min. and latitude d 
deg. 48 min. south ; what was his itieridiati attitude at 
liondon ? 

4. On the first of April, 1813, the longitude of Saturir 
was 9 signs 18 deg. 47 min. and latitude deg* 
S3 min. north ; what was his meridian altitude at Lon* 
don? 

5. On the eleventh of April, 1805, at the time of the 
moon's ps^ssage over the meridian of Greenwich, her 



* The iqerldian altitade of the stara on the alobe, in the same lati- 
tode, are invariable ; therefore, when the meridian altitude of a star is 
fBUght, the dpiy of the laonth aee4 not be attended to. 
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right ftlwelision was 2(l8 deg. 7 miD.* and decliDalioii 16 
d^. 48 miD^ south ; required her raeridvin altitude at 
Oreenwieh.f 
Answer. 2lo 42'. 

PROBLEkLrXXIV. 

To find all those places on the earth to which the moon 
will be nearly vertical on any given day. 

Rule. Look m an ephemeris for the moon's latitude 
and longitude for the given day, and mark her place on 
the globe (as in Prob. LXVIII.) bring this place to that 
part of the brass meridian which is numbered from the 
equinoctial towards the poles, and observe the degree 
above it ; for all places on the earth having that latitude 
will have the moon vertical (or nearly so) when she comes 
to their respective meridians. 

Or : take the moon's declination from page VI. of (he 
Nautical Almanac, and mark whether it be north or 
south ; then, by the terrestrial globe, or by a map, 6nd 
all places having the same number of degrees of latitude 
as are contained in the moon's declination, and those will 
be the places to. which the moon will be successively 



* By the Nautical Almanac, the moon paMed over the meridian at 40 
minutes past ten o'cIocIe in the evening, on the Itth of April 1805. 
S08« 48' 0^8 right aicension at midnight.— •Declination n« S^ S. 
mt 47 do. at • - • noon - do. 14 56 8. 

6 1 increase In IS hours from noon 



1ft h.: %• f : : 10 h. 40^ : 5* W\ 
henoe, 2(tt« 47' + 5^ 20'=llOa« V 
the moon's right ascension at 40 
minutes past 10. 



I4h.:ft<»r::10 h. 40 ' : f 5a'i 
hence, W 56' +1^ sr^^^o 48^ 
the moon's declination at 40 min. 
past 10. 



The places of the planets may he taken out of the ephemeris for noon 
without sensible error, became their dedinataoni vary less than thai of 
the moon. ' , ■ 

. t The moon will have the greatest and least meridian altitude to aO 
the inhabitants noKh of the equator, when her ascending node is in 
Aries ; for her orbit making an angle of 5X<> «vith the ecliptic, her great- 
est altitiide wUI he 5xo more than the graAteat meridional aliitude of the 
tun, andher least meridional altitude 5 1 ** lest than that of the sua. 
The greatest altitude of the sun at London is 6£« ; the moon'ii greatest 
altitude is therefore 67° 20^. The least meridional altitude of ihe t>un 
at London is 15« ; the least meridional altitude of the moon is tbereror^ 
3^4^ 
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▼erttcal on tbe ghren daj. If the moon's 'decKaatiDti be 
Dorlby tbe places wiU be in north latitude ; if ibe 
moon's declination be soiitb, thejr will be in south lati- 
tude. 

Examples. 1. On the 15th of October, 1805» the 
moon's longitude at midnight was 3 sign« 29 deg. 14 
min. and her latitude 1 deg. 35 min. south ; over what 
places did she pass nearly vertical i 

Answer. Trom the moon*!: latitude end longitude being gi^<^n, her 
Jeclinaiion may be fonnd by the globe to be about l9o north. The 
BOOB wat Teriioai at Porto &ico, St. JDomisgo, the north of Jamaica, 
0'why'hee,^c.. 

2. On the 20th of December, 1813, the moon's lon- 
gitude at midnight was 8 signs 9 deg. and her latitude 4 
deg. 7 min. north ; over what places on the earth did 
she pass nearly vertical 1 

3. What is the greatest north declination which the 
moon can possibly have, and to what places will she be 
then vertical ? 

4. What is the greatest south declination which the 
moon can possibly have, and to what places will she be 
then vertical ? 

PROBLEM JuXXXr. 

Given the kUiluie of a places day of the months and the 
, altitude of a ator, to find the hour of the nighty and 
the starts aiimuth. 

Rule. Elerate the pole so many degrees above the 
horizon as are equal to the latitude of the place, and 
screw the qnadrapt of altitude upon the brass meridian 
over that latitude ; find the sun*is place in the ecliptic, 
bring it to the brass meridian, and set the index of the 
hour circle to 12; bring the lower end of the quadrant 
of altitude to . that side of the meridian''^ on which the 
star was situated when observed ; turn the globe west- 



• It is neoeitary to know on which ride of the meridian the atar it 
at the tine of obiervation, became it will have the same altitude pn 
both sides of it. Any star may be taken at pleasare. but it Is best to 
take one not too near tbe meridian, because for ftome time before the 
star comes to the meridian, and after it has {passed it, the Bltitnde varies 
▼ery little. 
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ward till the centre of the stiur cats the given altitude on 
the quadrant ; c&uot the houra which the index has parsed 
overhand they wiH show the time from noon when the 
star had the given altitude : the quadrant will intersect 
the horizon in the required azioiulh* 

Examples. 1. At London, on the 2S(h of Decembeft 
the star Deneb in the Lion's tail, marked |l, was observ-' 
ed to be 40 deg. above the horizon, and east of the 
meridian, what hour was it, and' what was the star's azi- 
muth ? 

Answer. By bri aging the sDn*!i ^lace to the meridian, and turning 
the globe wentward on its axU till the star cuts 40 deg. of the quadrant 
east of the meridian, the index will have pa<(sed over 14 hours; oonse- 

J[uently the star has 40 deg. of altitude east of the meridian, 14 hours 
torn noon, or at two o'cloek in the meraing. Its asimuth will be 62) 
deg- from the south towards the eaf>t. 

2. At London on the 28 of December, the fttar /S ia 
the Lion's tail, was observed to be westward of the me* 
ridian, and to have 40 deg. of altitude ; what hour was it| 
and what was the star's azimuth I 

\n8wer. By turning the globe westward on its axis tiU the star 
cuts 40deg*arf the quadrant, west of the meridian, the index will have 
passed over iO Hours ; consequently, the star has 40 deg. of altitude 
west of the oieridian 20 houra from noon, or eight o'clocic in the morn- 
ing, its azimuth will be bS) deg. from the soatb towards the west. 

3. At London, on the Ist of September, the altitude 
of Benetnach in Ursa Major, marked t, was observed to 
be 36 deg. above the horizon, and west of the meridiaoy 
what hour was it, and what was the star's azimuth l 

4. On the 21st of December, the altitude of Sirius, 
when west of the meridian at London, was observed to 
be 8 deg. above the horizon ; what hour was it, and 
what was the star's azimuth ? 

5. Onthe12|h of August, Menkar in thb Whale'a 
jaw, marked «, was observed to be 37 deg. above the 
horizon of London, and eastward of the meridian ; what 
hour was it, and what was the stag's azimuth I 

PROBLBM LXXXVX 

'Given ihe latitude of a place^ day of the months and 
hour of the day^ to. find ihe altitude of any star^ and 
itsagimuth. 

Rule. Elevate the pole so many degrees above the 
horizon ms are equal to the htitude of the place, and 
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icrew the quadrant of altitude upoa the braas meridian' . 
over that latitude ;fijid the aun'a place io the eciiplic, 
bring it to (be braaa iiieridiao» andriet the iodex of the 
hour circle to 12 ; then, if the given time be before nooot 
turn the globe eastward . on i(a aaia till the index baa 
-paaiied over as many hours as the time wants of noon ; if 
the time be past nooot turn the gbbe westward till the 
iodex has passed over as many hours as the time is past 
noon : let the globe rest io this position, and move the 
quadrant of altitude till its graduated edge coiocidea 
with the centre of the fiveil star; the degrees on the 
quadrant, from the horizon to the star, will be the alti- 
tude ; and the distance from the north or south point of 
the horixpn to the quadrant, counted on the horison, will 
be the azimuth from the north or south. 

Examples. 1. What are the altitude and azimuth of 
Capella, at Rome, when it is five o'clock io the mornings 
on the second of December ? 

Answer. Tbe Altitade it 41 Heg. 58 mio. and tlie asimutb 60 deg. 
iK> roin. from iht noith towardt the went. 

2. Required the altitude and azimuth of Altair in ' 
^AquilaoQ the sixth of October, at nine o'olock in the 
eveotflg, at Loodoo. 

8. On what poiat of the compass does the star Alde- 
baran bear at the Oape of Good Hope, on the fifth of 
March, at a quarter paat eight o'clock in the evening ; 
and what is its altitude ? , 

Answer. The Asiamth is 49 dag. Sf ailii. fram tha aorth, Md itt slti- 
ittde is tt deg. 30 min. 

4. Required the altitude and azimuth of Acyoue in 
the Pleiades, marked f,on the 21st of December^at four 
o'clock in the morning at Lopdon i 

PBOBUsai hxjxvu. 

CKvm the latitude of a place, day of the moniht and 
asimuth of a start to find the hour of the night and 
thestar'saltitude*. 

BuU* Elevate the pole so many degrees above the 
horizon as are equal to the latitude oPth^ place, and 
screw the quadrant of altitude upon the brass meridian 
over that JAtitude ; find the auns place in the ecliptici. 






i- 
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bring it to the brads meridian, and set the index of the 
hour circle to 12 ; bring the lower end of the quadrant 
of altitude to coincide with the given azimuth on the 
horizon, and hold it in that position ; turn the globe 
westward till the given star comes to the graduated edge 
of the quadrant, and the hours passed over by the index 
will be the time from noon, the degrees on the quadrant^ 
redkOtting from the horizon to the star, will be the aiti* 
tude. 

Examples. 1. At London, on the 28th of December! 
the azimuth of Deneb in the Lion's tail, marked /3, Was 
62-^ deg. from the south towards the west ; what hour 
was it, and what was the star's altitude ? 

Answer. By turning the globe westward on its ^axis tlie index wOl 
pass over SO hours beford the star intersects tiie quadrant ; therefore* 
the time will be 20 hours from noon, or eight o*cloclc in the morning ; 
and the star's altitude will be iO deg;. 

2. At London, on the 5th of May, the azimuth of Cor 
Iieonis, or Regulus, marked «, was 74 deg. from the 
aouth towards the west ; required the star's altitude, and 
the hour of the night. 

3. On the 8th of October, the azimuth of the star 
marli;pd /I, in the shoulder of Auriga, was 50 deg. from 
the north towards the east ; required its altitude at Lon* 
don, and the hour of the night. 

4. On the 10th of September, the azimuth of the star 
marked « in the Dolphin, was 20 deg. from the south to* 
wards the east ; required its altitude at London^ and 
the hour of the night. 

PROBLEM LXXXVUi. 

Two stars being given^ the one on the meridian^ and 
the other on the east or west point of the horUony to 
find the latitudeof the place. 

Rule. Bring the star which was observed to be oa 
the meridian, to the brass meridian ; keep the globe 
from turning on its axis, and elevate or depress the pole 
till the other star comes to the eastern or western part of 
the horizon ; then the degrees from the elevated pole to 
the horizon will be the latitude. 

3§ 
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Examples. I. When the two pointers^ oftheOreal 
Bear, marked • and fi, or Dubhe and /I, were on the me* 
ridian, I observed Yega in Lyra to be risisg ; required 
the latitude. 

Answer. f7 deg. nortb. 

2. When Arcturusin Bootes was on the meridiant Altair 
ia the Eagle was rising; required the latitude. 

3. When the star marked ^in Gemini was on the meri« 
dian, « in the shoulder of Andromeda was setting; re* 
quired the latitude. 

4. In what latitude are ^and /9, or Sirius and /t, in 
Canis Major rising, when Algenib, or «, in Perseus, i»on 
the meridian i 

PROBLEM LXXXIX. 

Tike laiUui€ of the plaetf the day of the months and 
two stare that have the same agimMth,-f being given-f 
tofemd the hour of the night. 

Rule. Elerate the pole so manj degrees above the 
horizon ae are equal to the latitude of the pkcei and 
•crow the quadrant of altitude upon the brass meridian 
over that latitude : find tbe sun's place in the ecliptic, 
bring It to the brass meridian, and set the index of the 
hour circle to 19 ; turn the globe on its axis from east 
to west tiU the two given stars coincide with the gradua- 
ted edge of the quadrant of altitude ; the hours passed 
over by the index will show the time from noon ; and 
the common aximoth of the Iwo stars will be found on 
the horiaon. 



• Theie two sUin are called the puioten^ beeaiue a Hue drawa 
throudi them, pointu to the polar star Id TTnift Minor. 

t To find wnat stars have the same asimuth — ^Let a smoodi reetaa- 
aular hoard of ahoitt a fool in breadth, and three feet high (ot of any 
EfBight yoa please,) be fixed perpendicoiarly upon a stano ; draw a 
straight line throogh the middle of the board, parallel to the sides ; ^x 
a pia in the upper part of this ffne, and make a hole in the hoard at tha 
lovrer part of the line ; bang a thread with a plummet fixed to it upon 
the pin, and let the ball of the plummet move freely in the hole made ia 
the lower part of the boerd : set thb board upon a table In a window, 
or in4he open air, and wait till the plummet ceases to ▼ibrate ; then 
look along the face of the board, and those stars which are partly hid 
mm your yiaw by the thread, wiU hava the same asinuth. 



TBB CBXSBSTIAX, OLOBB. S9l 

Examples* !• At what hour, at London, on the 
first of Maj, will Altair in the Eagle, and Vega in the 
Harp, have the same azimuth, and what will that azi- 
muth be i 

Answer. By bringing the san's place to the meridiao, ke. and turn? 
ing the globe westward, the Index will pass over 15 hours before the 
stars coincide with the qupidrant : hence, they will have the rame azi- 
uuth at 15 hours from noon, or at three o'clock in the morning ; and 
the asimuth will be k&i degrees from the south towards the eat^t. 

2. On the 10th of September, what is the hour at 
London when Deneb in Cjgnus, and Markab in Pegasus, 
have the same azimuth, and what is the azimuth i 

3. At what hour on the 15th of April will Arcfurus 
and Spica Yirginis have the same azimuth at London, 
and what will that azimuth be ? 

4. On the 20(h of February, what is the hour at 
Xidloburgh when Capelia and the Pleiades have the same 
azimuth, and what is the azimuth ? 

6. On the 21st of December, what is the hour at 
Dublin when «, or Algenib in Perseus, and /S in the 
Bull's Horn, have the same azimuth, and what is the 
Itzimuth i 

PROBLEM XO. 

The latiiude of a placet the day of the months and two 
starSf that have the same altitude^ being given, to 
find the hour of the night. 

Rule. Elevate the pole so^manj degrees above the 
horizon as are equal to the latitude of the place, and 
screw the quadrant of altitude upon the brass meridian 
over that latitude ; find the sun's place in the ecliptic, 
bring it to the brass meridian, and set the index of the 
hour circle to 12 ; turn the globe on its axis from east 
to west till the two given stars coincide with the given 
altitude on the graduated edge of the quadrant ; the 
hours passed over by the index will be the time from 
noon when the two stars have that altitude. 

Examples. I. At what hour at London, on the sec* 
ond of September, will Markab in Pegasus, and Ainlhe 
head of Andromeda, have each 30 deg. of altitude ? 

Answer. At a quarter past eight in the evening* 

2. At what hour at London, on the fifth of Januarj, 
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will «, Menkar ip the Whale's jaw, and «, Aldebaran 
in Taurus; have each 35 deg. of altitude ? 

3. At what hour at Eklinburgh, on the tenth of No- 
tember, will «, Altair in the body of the Eagle, and ^, 
|o the tail of the Eagle, have each 35 deg. of altitude ? 

4* At what hour at Dublin, on the 15th of May, will «, 
Benetnach in the Great Beards tail, and y, in the shoul* . 
der of Bootes, have each 56 deg. of altitude^? 

PROBLEM XCL 

The altitudes of two stars having the same asimuthf 
and that asimuth being given^ to find the latitude of 
iheplacef 

Rule. Place the graduated edge of the quadrant of 
altitude over the two stars, so that each star may be ex- 
actly under its given altitude on the quadrant ; hold the 
quadrant in this position, and elevate or depress' the pole 
till the division marked O, on the lower end of the quad^ 
rant, coincides with the given azimuth on the horizon ; 
when this is effected, the elevation of the pole will be 
the latitude. 

Examples. 1. The altitude of Arc turns was ob- 
served to be 40 deg. and that of Cor Caroli 68 deg. ; 
their common asimuth at the same time was 71 deg. 
from the south towards the east ; required the latitude. 

Aoflwer. 51^ deg. north. 
' 2. The altitude of t in Castor was observed to be 40 
deg. and that of fi in Procyon 20 deg. ; their common 
azimuth at the same time was 73| deg. from th(s aoutji 
towards the east ; required the latitudjp ? 

.3. The altitude of •> Dubhe, was observed to be 40 
deg. and that of y in the back of the Great Bear 29| 
deg. ; their common azimuth at the same time was 30 
deg. from the north towards the east ; required the 
latitude. 

4. The latitude of Yega, or «tf in Lyra was observ- 
ed to be 70 deg. and that of « in the head of Hercules 
39|. deg. ; their common azimuth at the same timh was 
60 deg. from the south towards the we^t ; require4 the 
latitude. 
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PROBLEM XCIL 



The day of the month being givtHf and the hour when 
any known star rises or sets^ to find the latitude of 
the place* 

Rule* Find tfae Buni^B place in the ecliptic, bring it 
to the brass meriilian, and set the index of the hour cir- 
cle to 12 ; then, if the given time be before noon^ turn 
the globe eastward till the index has passed over as ma- 
ny hours as the time wants of noon : but, if the given 
time be past noon, turn the globe westward till the index 
has passed over as many hours as the time is past noon ; 
elevate or depress the pole till the centre of the given 
star coincides with the horizon ; then the elevation ctf 
the pole will show the latitude. 

Kxamples. 1. In what latitude does t Mirach, in 
Bootes rise at half past twelve o'clock at night, on the 
tenth of December ? 
Answer. 51^ degrees nortli. 

2. In what latitude does Cor Leonis, or Regulus, 
rise at ten o'clock at night, on the twenty-first of Jan- 
uary ? 

3. In what latitude does /3, Rigel in Orion, set at 
four o'clock in the morning, on the twenty-first of De- 
cember i 

4. In what latitude does p, Capricornus, set at eleven 
o'clock at night, on the tenth of October ? 



PROBLEM XCnL 

To find on what day of the year any given star passes 
. the meridian at any given hour. 

Rule. Bring the given star to the brass meridian, 
and set the index to 12 ; then, if the given time be be- 
fore noon,"^ turn the globe westward till the index has 



* If the given star oomes to the meridian at noon, the sun's place 
will be foand under the brass meri«yan, withoni turning the globe ; if 
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passed over as manj hours as the time wants of noon ; 
but, if the given time be past noon, turn the globe east- 
ward till the index has passed over as many hours as 
the time is past noon ; observe that degree of the ecltp- 
tic which is intersected bj the graduated edge of the 
brass meridian, and the day of the month answering 
thereto, on the horizon, will be the day required. 

ExampUf* 1. On what day of the month does Pro- 
cyon come to the meridian of London at three o'clock 
in the morning f ^ 

Answer. Here the time it nine hoan before noon : the globe most, 
therefore, be turned nine hours towards the west, the peint of the 
ecliptii: intersected by th6 brass meridian will then be the 9th of / 1 
answering nearly to the first of December. 

2. On what day of the month and in what monthi 
does •, Alderamin, in Cepheus, come to the meridian 
of Edinburgh at ten o'clock at night ? 

Answer. Hera the time is ten hours after noon, the globe must, 
therefore, he turned ten hours towards the east, the point of the eclip- 
tic intersected hj the brass meridian will then be the 17th of «(, ao- 
twering to the ninth of September. 

3. On what day of the month, and in what month, does 
/I, Deneb in the Lion's tail, come to the meridian of 
Dublin at nine o'clock at night? 

4. On what day of the month, and in what month, 
does Arctorus in Bootes come to the meridian of htn^ 
don at noon i 

5. On what day of the month, and in what month, 
does ^in the Oreat Bear come to the meridian of Lou- 
don at midnight ? 

6. On what day of the month, and in what month, 
does Aldebaran come to the meridian of Philadelphia, 
at five o'clock in the morning at London ? 



the given star comes to the meridian at midnight, the globe may be 
turned either eastward or wastwafd tfll the iadeK has passed oyer 
twelve hours. 
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PROBLEM XCIY. 

The day of the month being given, to find at whai hour 
any given star comes to the meridian.'* 

Rule. Find the sun's place in the ecliptic, bring it to 
the brass meridian, and set the index of the hour circle 
to 12; turn the globe westward on its axis till the given 
star comes to the brass meridian, and the hours passed 
over by the index will be the time from noon when the 
star culminates* 

Examples. U At what hour does Cor Leonis, or 
Regulus, come to the meridian of Londod on the twenty- 
third of September ? 

Annwer. The index wUl psM over SI j hours : hence, Ihit ftar culaii- 
■atesor oomeg to the meridian 2I| hoon after noon, or at three qnar- 
ters past nine o'clock in the morning. 

2. At what hour does Arcturus come to the meridian 
of London on the ninth of February ? 

Answer. The index will pais over 16^ houn ; henee, Aretams col* 
minates 16^ hours after noon, or at half past foar o'clock In the morn- 
ing. 

3. Required the hours at which the following stars 
come to the meridian of London on the respective days 
annexed : 

fi Mirach, October 5th« 
Aldebaran, Feb. 12th. 
fi Aries, November 5th. 
9 Taurus, January 24thc 



Beliatrix, January 9th« 
Menkar, May ]8tb. 
f Draco, Sep. 22d. 
• Pubhe, Dec. 20th. 



PROBLEM XCY. 

Oiven the asimuth of a known star, the Uxtiiude^ and the 
hour, to find the star's altUuds and the day of the 
month. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the given place, 
screw the quadrant of altitude upon the brass meridian 
over that latitude, bring the division marked O, on the 
lower end of the quadrant to the given azimuth on the 



• ThU problem Si comprehended in Problem LXXL 
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horizon, tarn the globe tHl the star coincides with the 
graduated edge of the quadrant, and set the index of the 
hoar circle to 12 ; then, if the given time be beforenoon,. 
turn the globe westward till the index has passf^d over 
is many hours as the time wants of noon ; if the given 
time be past noon, turn the globe eastward till the index 
has passed over as manj hours as the time is past noon ; 
observe that degree of the ecliptic whic^h is intersected 
by the graduated edge of the brass meridian, and the 
day of the month answering thereto, -on the horizdn will 
be the day required. 

ExampUg. 1. At London, at ten o'clock at night, 
the azimuth of Spica Tirginis wasr observed to be 40 
deg. from the south towards the west ; required its atti- 
tude, and the day of the month. 

Answer. The nUr's altitude is 20 degf. and ibt day il the i8th of 
Jane. ITie time being ten hours past noon, the globe must be turned 
ten hours towards the east. 

2. At London, at four o'clock in the morning, the azi- 
muth of ArcturuB was 70 deg. from the south towards 
the west; required its altitude, and the day of the 
month. 

Answer. Here the time wants eight hours of noon, thereibre,. the 
globe must be turned eight hours westward ; the altitude oC the star 
will be found tabe 40 deg. and the day the l2th of April. 

3. At Edinburgh, at eleven o'clock at night, the azi- 
muth of « Serpentarius, or Ras Alhagns, was 60 deg. 
from the south towards the east ; required its altitude, 
and the day of the month. 

4. At Dublin, at two o'clock in the morning, the azi- 
muth of /S Pegasus, or Scheat, was 70 deg. from the 
north towards the east ; required its altitude, and the 
day of the month« 

PROBLKM XCVL 

TheaUUude of two stars being giveUf to find the lati- 
tude of the place. 

Rule . Subtract each star's altitude from 90 degrees ; 
take successively the extent of the number of degrees, 
contained in each of the remainders, from the equi- 
noctial with a pair of compasses ; with the compasses 
thus extended, place one foot successively in the centre 
of each star, and describe arcs on the globe with a black 
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lead petoeH : these arct will ckmb eaefa lather in the z^n* 
ith ; bring the point of intersection to that part of the 
brass meridian which is nuobered from the equinoctial 
towards the polesi and the degree above it will be the 
latftode. 

Examples. 1% At sea, in north latitude, I observed 
the altitude of Gapelia to be dO deg. and that of Aldeba- 
ran 35 deg. ; what latitude was I in ? 

Answer. With an extent of 60 deg. (sdO*^— fl0») taken from the 
equinoctial, and one foot of the compass in the centre of Capella, 
describe an arc towards the north ; then with 55 deg. (=390<»— S5«,) ta- 
ken in a similar manner, and one foot of the compasses in the centre of 
Aldebaran, describe another arc, crossing the former ; the point of in- 
tenection bronght to the brass meridian will show the latitude to be 20| 
d^. north. 

2. The altitude of Markab in Pegasus was 30 deg. 
aod that of Altair in the Eagle, at the same time was 
65 deg. ; what was the latitude, supposing it to be 
north ? 

Answer. 99 deg. north. 

3. In north latitude the altitude of Arcturus was ob- 
served to be 60 deg. and that of /i or Deneb, in the Li- 
go's tail, at the same time, was 70 deg. ; what was the 
latitude ? 

4. In north latitude, the altitude of Procjon was obser- 
ved to be 50 deg. and that of Betelguese in Orion, at 
the same tim<e, was 58 deg. : required the latitude of the 
place of obserTation. 



PROBLEM XCTIL 

The meridian altitude of a known star being given^ at 
awf place in north latUudef to find thatlatitude* 



Bute. Bring ^e given star to that point of (he brass 
meridian which is numbered from the equinoctial to- 
wards the poles ; count the number of degrees in the 
giyen altitude, on the brass meridian, from the star to- 
wards the south part of the horizon, and mark where the 
reckoning ends ; elevate or depress the pole till this 
mark coincides with the south point of the horizon, and 
the elevation of the north pole above the north point of 
t}ie lu>riz9B will show the latitude. 

4CK 
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Etmmplm. 1. itfwiMt degree of noHh hMnd^U 
Hm meridiim altitude of AMeberMd3} deg. i 

2. In wJial degree i>f no9tJi< latUudi; is the meridian 
altitude of /S, one of the poioterB in Ursa Majpc, 90 
deg-r 

3. la what degree of north latitude is y, in the heaA 
of Draco, vertical whee it culmiiiatea ? 

^ 4. In what degree of north latitade is the meridian al« 
tjtQde of i or JMirach in Bootes, M deg. ? 

PBOBLfiMXCynL 

The latitude of a p/ace» do^ o/* <Ae mon^A, and homr of 
the day being giveji^ to find the iVonagesimal Degree"^ 
of thdecliptiCf Us altitude and asimutk, and the Med* 
ium Cceli. 

Utile. Elevate the north pole to the latitude of the 
given place, and screw the quadrant of altitude upon the 
brass meridian over that latitude; find the sun's place in 
the ecliptic, bring it to the brass meridian, and set thei 
index of the hour drcle to 12 ; then, if the wen tieiebe 
IMbre noon, turn the glebe eastward till the index haa 
passed over as many hours as fthe time wants of noon ; 
Xttt, if the given time be past noon, turn the globe west- 
ward till the index has passed over as many hours as the 
time is past noon, and fix the globe in this position ; 
eount 90 deg. upon the ecliptic from the horizon (either 
eastward or westward,) and mark where the reckoning 
ends, for that poin^ of the ecliptic will be the nonagttiir 
mal degree, and the degree of the ecliptic cat hj the 
brass meridian will be the medium cceli ; bring the 
graduated edge of the quadrant of altitude to coincide 
with the ponagesimal degree of the ecKptic thus found, 
and the numbc^r of degrees on ih4 qoadt^aitt, counted 



* Hie noDBgeihual diegree of tii« MKpUo ii that ipoiai wUcb li ikm 
MOft eferstei|;abev« tlie borisoa, «n4 in mMffii^ hy the angle Vfhkh. 
the eeliptic makm witlt the horizoaai any elevation of the pole; or, it 
is the dieunce between the nenith of the place and the pole of the eelip^ 
tie* This angle lis frequently used in Ikeeaifcalation ofwlaeaAHpflei^ 
The Medium Cceli, or mid-hesTW, I9 «u^l,po^i.of t||# wliptiil widely i% 
upon the meridian* 
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limi tfc^ luNriaoHf wail b^ Ibe allitade of the aonagesi* 
««! d^MC : the asEiiniiUi wUI b# «eeo on the borison 

Note, From the 2l8t of Oeccnber to the 21st of 
Juue^ the Aooageiiviai degree of the ecliptic is east of 
the laeridiav $ and, from the 21at of Juae to the 21st of 
J>ecemhei'» it is west of the laeridiaa. 

JBkPampUs. h On the 21 at of Jwe, atfortj-fire miiH 
lUtes jpast three o'clock ib the afiernooDi at London) re« 
quired the ppiotof the ecliptic which is the nonagesimal 
degree, its altitude and azimuth, the longitude of the 
JH^ditUBi ctBlii and its altitude, &c. 

3-aBw«r. The nooageffiiaal def^ee i^ 10 deg. i.i Leo. kf altitude Ib 
54 deg. and its azimoth %Z deg. from the south towards the west, or 
nearly 8. S. W. The mid-heaven, or point of the ecliptic under the 
llHiMs msridiaii, is 24 deg. in Lieo, and its altitude above the horisoa ia 
^% deg. T|ie degree of the e^inoctial cut by the brsMs meridian, reolE- 
oniog from the point Aries, is the right aivcension of tiie mid- heaven, 
wbion in this example is 146 deg. Ine rising point of the ecliptic will 
- be found to be 10 deg. in Scorpio, and the setting point 10 deg. in Tan- 
ras. If the graduated edge of the qnadmnt be brought to 'coincide wtth 
Ibe fua^ place, the sun's altitude will be found to be 39 deg. and his asi- 
Kuth 73} dee. from the south towaids the west, or nearly W. by 8. 

2. At London on the 24th of April, at nine o'clock 
in the morning, required the point of the ecliptic which 
is the nonagesimal degree, its altitude and azimuth, 
thepoint of the ecliptic which is the mid- heaven, &c# 
&c. 

3. At Limerick, in 52 deg* 22 min« north latitude, 
on .the 15th of October^ at five o'clock in the afternoon, 
required the point of the ecliptic which is the nonagesi- 
mal degree, its altitude and azimuth, thepoint of the 
ecliptic which is the mid -heaven, &c. &c. 

4. At Dublin, in latitude 53 deg. 21 min. norfli, on 
tlie 15th of January, at two o'clock in the afternoon, 
required the longitude, altitude, and azimuth, of the 
nona-^esimal degree ; and tthe loi^tiide and altitude of 
thfi medium coel]. Sec. &c. 

PROBLEttlv XCDL 

The latitudeof a places day of the months and tk^ ho»f 
together with the altituJk and a§imuik o/aatar, 
being given, to find the star, 

JRule. filevate the pole so nanj degrees above tho 
ibortion as are oqual to the latitudo of the place, and 
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•crew the quadrant of allHude on the brass meridian 
oyer that latitode ; find the aan's place in the ecliptic, 
bring it to the brass meridian, and set the index of the 
hour circle to 12 : then, if the given time be before 
noon, turn the globe eastward till the index has parsed 
over as many hours as the time wants of noon ; but, if 
the time be past noon, turn the globe westward till the 
index has passed over as many hours as the time is past 
noon : let the globe rest in this position, and bring the 
division marked O on the quadrant to the given azimuth 
on the horizon : then, immediately under the given al- 
titude on the graduated edge of the quadrant, you will 
find the star. 

Examples. 1« At London on the 21st »f December, 
at four o'clock in the morning, the altitude of a star was 
50 deg. and its azimuth was 37 deg. from the south 
towards the east ; required the name of the star. 

Anfwer. I)ieneb, or /3 in the Lion's tail. ^ 

2. The altitude of a star was 27 deg. its azimuth 76^ 
deg. from the south towards the west, at eleven o'clock 
in the evening at London, on the 11th of May ; what 
star was it ? 

3. At London on the 21 st of December, at four 
o'clock in the morning, the altitude of a star was eight 
deg. and its azimuth 51 deg. from the south towards 
the west ; required the name of the star. 

4. At London on the 1st of September, at nine 
o'clock in the evening, the altitude of a star was 47 deg. 
and azimuth 73 deg. from the. south towards the east; 
required the name of the star. 

PROBLEM C. 

To find the time of the moon* 8 sotdhingf or coming tQ 
the meridian qf anyplace^ oh any given day of the 
month. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the given place ; 
find the moon's latitude and longitude, of her right as- 
cension and declination, from an ephemeris, and mark 
her place on the globe ; . bring the sun's place to the 
brass meridian, and set the index of the hour circle to 



T&B CBLE8TEAL OLOBI& 300 

12 ; tarir the globe westward till the moon's place cornea 
to the meridian, and the hours passed oyer by the index 
will show the time from noun, when the moon will be 
upon the meridian. 

OR, WITHOUT THB GLOBE. 

Find the moon's place by the table, at page 244, which 
multiply by 81,* and cut off two figures from the right 
hand of the product, the left hand figures will be the 
hours ; the right hand figures must be multipBed by 60, 
for minutes. 

OR, CORRECTLY, THUS: 

Take the difference between the sun*s and moon's 
right ascension in 24 hours ; then, as 24 hours dimin- 
ished by this difference are to 24 hours, so is the moon^s 
right ascension at noon, diminished by the sun's, to the 
time of the moon's transit. 

Examples. 1. At what hour on the 12th of March, 
1805, did the moon pass over the meridian of Oreen* 
wich ? The moon's right ascension being 136 deg. 48 
min. and her declination 14 deg. 40 min. north. 

AoKwer. By the Globew — The booo eaine to the meridian at three 
'quarters past nine In the evening.t 

By the Table, paf^e 3U.— The moon'i age ia IS ; this maltiplied hf 
81. produces 1059 that is, 10 hours and 55 over ; this 53, molUpiied by 
60, producesSlSO, which« b^ rejecting the two right hand ficures, leayes 
31 minutes ; so that, by this method, the moon comes to tpe meridian 
at 31 minntes past 10 o'clock in the evening. 

Bjf uting tkt Nautical Almanac. 
Sun's right ascension at noon Iftth Mareh=s^E3h. fBf W 
Bitto * - - - Idth March»23 32 30 

Increase of motion io £4 hoars • - 3 40 



Moon's right ascension at noon Kth Marchsld6« W 
Bitto ... 13th March»149 47 



Increase is 34 houb - -^ 12 59eqaal 



* For the synodic revolution of the moon being about t9^ days, 
we have, by the rule of three, as 99| d. : 34h : : Id : 81h 

t The time of the moon's risingand .setting may be ftniiid as for 
% star or a planet, see Promlem LXXI; %ut, on account of the moon's 
swift and irregular motion, the solution will differ mf terially from the 
truth. 
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to 51* S^' \ hep£e. 51' 56" diainUbed by ^ W, Iww kgi6f'ikit 

moon'f motton exceeds the bud^s in 24 hours. 

Mmm'i right «M»a«ion 1^« 48" X 4»< 9i> 7' 12^' 
SmiIi right amoiom • » «iift5 Ito 99 

9 d8 2£ 



f4h.^f 1$/^ : 34h : : 9i> 38^42'' : %^W the Utte time of themoon't 
DMMge over the meHdian in the evening, agreeing eiLafitly with the 
Neotioai Ahnanae. 

2. At what bourdon tbe 15th of April, 1813, did the 
mooQ pft89 oyer the neridian of Qre^owidi? The 
pioon'i right ascensiofi being 202 deg. 40 hub. and de^ 
cTination 4 deg. 35 min. south. 

3. At what hour, on the 15th of February, 1813, did 
the moon pass oyer the meridian at Greenwich ? The 
moon^s right ascension being 10 >deg. 46 min* and de- 
clination 0^ 13' north. 

4. At what hour on the 17th of October, 1813, did 
the moon pass over the meridian of Greenwich ? The 
moon's right ascension being 133 deg. 44 min* and der 
clinatioB 17 deg. 46 min. north. 

PROBLEM CI. 

Tkt day of ihe months latitude of the placet t^^d ttme of 
ft^fc water at theftdl and change afihe moon being 

Sivefif to find tie time ofh^ water on the given 

Rule. Find the tine at which the moon comee tofh* 
meridian of the given |>lace by the preceding pri>blem, 
to which add the time of high water at ihe given {dace 
at the full and change of the moon (talcen from the fol- 
lowing Table,) and the sum will show the time of high 
water in Ihe afternoon. If the sum exceed 12 hours, 
subtract 12^hours and 24 mmutes from it, and thecemain* 
der will show the time of high water in (he morning i 
but, if the sum exceed 24 hoiirs, subtract 24 hours and 
48 minutes from it, and the remainder will show the time 
of high water in the afternoon. 



t When the «tttfN right sseension it greater than the moon's, as ia, 
thto cmmple, tk hoars mniit bf added to the araoa'i right ascension ter 
fbfeyoasiihftraet. 
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CfB, mr THE TABLE, PAOB Uk. 

Fbd tbe moon's age by the Table, at page 244, and 
take out o( the time from the i^ht hand column there*^ 
of, answering to the moon's age ; to which add the 
thne of high water at the fult and change of the moon 
(taken from the following Table,) and the sum will show 
the time of high water, in tbe afternoon. If the sum ex* 
eeed 13 hours, subtract 12 hours and 24 minutes from 
it, and the remainder will shew the time of high wa» 
fer in the morning ; but, if the sum exceed S4 hoan, 
subtract 24 hours and 48 minutes from it, and tbe re* 
mainder will show the time of high water in the aAer^ 



OB^THUS: 

Find the time of the moon's coming to the meridlhin 
of Greenwich on the given day, at page YI. of the Nao- 
tical Almanac : take out the correction (from the fol* 
towing Table) to correspond to this time, and apply it 
as the Table directs ; to the result add the time of high' 
water at the full and change of the moon (taken frdm 
tlie following Table,) and the sum will show the time of 
ftigh il^ater in the afternoon. If the sum exceed 12 or 
24 hours, proceed as above. 

Examples. Ir Required the time of high water at 
London Bridge on the 12th of lOarch T80I». The moon^s 
right ascension at that time being 136 deg. 48 min. and 
her declination 14 deg. 40 min. north. 

Aniwer. By the globe— Tke moon came to the meridisn at 9h ly 
TkBeoChighwmtef ttitliefullaad eliMigeatLoiubii - 5 

* 

Sttm 
Gubtraot fronit - 

lime of Ugh water IB the morning . • .r • 

By the Table, page S44. The moon's age was 15, the time answerieg 
to which. In the same Table, is - • - • IC' SST 

Time of high water at the full and change - a. SO 

Sum 

Subtract from i^ 

Time ef high water In the morning - « - - 139 
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Bf Che Nutieal AInaiiac.— The moon ctme to the meridiui %| 9» W 
the tine from the righ^hana TeUe foUowing entweriiig to 9^ 58', 
orratherlOhoaritif 024 

Sam ... 

Thne of high water at Londoo mt the fail aad ohange 

Sum - . - 
Subtract from it 




Time of high water ia the morning* • * - . 58 

2. Required the time of bigh water at Hull on tbe 
IStliof May 1813; the moon's right ascension being 
277 deg. 42 min. and her declination 20 deg. 18 min. 
aonth. 

3. Required the time of bigh water at Liverpool on 
tbe 15th of June, 1813. The moon's right ascension 
being 287 deg. 39 min. and her declination 20 deg. 18 
min. south* 

4« Reauired the time of high wafer at Limerjck on 
the 12tb ot August, 1813. The moon's right ascension 
being 363 deg. 17 min. and her declination 12 deg. 59 
mis. south. 

5. Required tbe time of high water at Bristol on the 
first of September, 1813. The moon's Hght ascension 
being 237 deg. 59 min. and her declination 15 deg. 9 
min. south. 

6. Required tbe time of high water at Dublin, on the 
5tb of December, 1813. Tbe moon's right ascension 
being 46 deg. 6 min. and her declination 12 deg. 13 mint 
north. 



• Here are three methods of performing the same problem, and the 
resttlli aU dilfer from each otiier : the la§t is the most correct : however, 
any one of tliese metliods is as correct as those which am giTen in iK>efcs 
on pilotage and navigation. 
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A TABLE 

Of the time of High WatQr at New and Full moon at the 

priacipal places id the British Islands. 



k 



Aberdeen 

Ayr 

Aldborough 

St; Andrews 

^Arran Island 

'Bamborough 

Banff 

Beachy ifead 

St. Bees Head 

Belfast 

Bembridge Point 

Berwick 

North Berwick 

St. Bride's Bay 

Bridlington Bay 

Bridport 

Brighton 

Bristol 

Caithness Point 

Cantire, MnU, 

Cape Clear 

Cork 

Cowes 

Cromartie 

Conner 

CuUen 

Dartmouth 

Dingle Bay 

Dover 

Dublin 

Dunbar 

Dunbarton 

Dundee 

Dnngarvon 

DungenesB 

Eddystone 

Edinburgh 

Exeter 

Exmottth Bar 

Falmouth 

Fern Island 



Fifeness 

Flamborouffh Head 
N. and S. Foreland 
Fortrose 
Foulness . 
Fowey 
Galwav 
Fort George- 
Fort Glasgow 
Grareiend 
Greenock 
Hartland Poini 
Hartlepool 
Harwich 
Holyhead 
Hull 
Kinsale 
Leith 
Limerick 
Liverpool 
London 
Milford 
Newcastlcr 
Orfordnefi» 
Plymouth 
Portland 
tlamsgate 
Hochestei' 
Sandwich 
Scarborough 
Sligo 

Southampton 
Stockton 
Swansea 
Tynemouth 
Torbay 
Weymouth 
Whitby 
Whitehareii 
Yarmouth 



I 



MD 



2h 0' 
10 20a-= 



6 i5 
5 40 

5 
11 40 
11 SO 

1 SO 
11 30 

ASO 

d 

11 10 

9 45 

6 
5 15 

2 20 
4S0 

11 15 



s 



3 
5 
3 

9 

7d0 

10 SO 

a 45 

11 so 

5 45 
&90 

SSO 

6 
JS 

6 15 

7 20 
S 20 

11 15 
9 



Sub. 

1 
Od4 
50 

3 

S 
55 



/Vdd 
2 
2S 
24 
14 




Sub. 
IS 17 



14 
15 
16 
17 
18 
19 



S4 

50 

1 S 
1 9 
1 3 
OSS 



Add 

10 2 
0«S 
024 
14 




41 
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PBOBliSMCn. 

To i€$cribe the appareni pcUh of any planetf or of a 
cometf amongst the fixed etars^&c. 

B»le» Draw a straight line O, 0» to represeBt the 
ecliptic, and diride it into any convenient nUmberofe" 
(jpial parts. Set off eight of these equal parts northward 
and southward of the ecliptic, at each end thereof : and 
draw lines as in the figure Plate Y, these will represent 
the zodiac. Find the planet's geocentric latitude *and 
longitude in an ephemeris, or in the Nautical Ahnanac, 
and onark its place for every month, er for several days 
in each month, beginning at the right hand of the ecliptic 
line, and proceeding towards the left.^ 

Find the latitudes and longifudesf of the principal 
stars in the several constellations near which the planet 
passes, and set them off in a similar manner from the 
right hand towards the left ; you will thus have a com*' 
plete picture of any part of the heavens with the post* 
lions of the several stars, &c. as they appear to a spec- 
iator on the earth. 

ExmnpU. Delineate the path of the planet Jupiter 
for the year 1811 : the latitades and longitudes being as 
follows : : 



• Tlie yiMMg ftudeitt will raoolieet, that the stan appear in a gor- 
Irarv order ia the heavens to what they do on the surface of a globe. 
In the heaveae we fee the concave part, on the globe the convex. Thif 
manner of deUneating the stars may be fimnd extremely usefol, and will 
enaMe the sidlaat to know their names and places sooner, than by the 
flube. 

t The plaaes of the stan may likewise be laid down by their right 
ascensioBa and dedinatimiii by drawing s perUoa of the eqsinoefcial 
instesdofthasoUptie, ^ -o i- -i 
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Longitudei. Latitnte. 


LoBgitiid*!. Latitntai. 


Jan. l8t 1'21<'45' 


0^57' S. 


July 25th 2' 25^ 1' 


0«24' 3. 


Feb. 7th 1 22 11 


47 S. 


Aug. 7th 2 27 36 


23 S. 


25th 1 23 58 


43 S. 


19th 3 29 48 


22 S. 


March Istrl 24 20 


42 S. 


25th 3 48 


22 & 


25th 1 28 16 


37 S. 


Sep. 7th 3 2 45 


21 S. 


April l8t 1 29 35 


36 S. 


25th 3 4 50 


21 S. 


25th 2 4 3a 


32 S. 


Oct 7th 3 5 44 


20 S. 


Maj Ist 2 5 49 


31 S. 


25th 3 6 15 


19 S. 


13th 2 8 31 


30 S. 


:^ov. Ist 8 6 10 


18 S. 


25th 22 11 17 


29 S. 


19th 3 5 12 


17 S. 


June Iflt 2 12 54 


28 S. 


25th 3 4 40 


16 S. 


25th 2 18 27 


26 S. 


Dec. 13th 3 2 34 


14 S« 


July 7th 2 21 49 


25 S. 


25th 3 57 


12 S. 



Jupiter's path, when delineated^ will be south of the 
ecliptic in the order A, B, C, D, E, F, O, H. Thus, 
he will appear at A on the Ist of January, at B on the 
Ist of March, at C on the first of April, at D en the 1st 
of May, at E on the Ist of June, at F on the 7th of Ju- 
ly, at O on the 2dth of August, and at H on the 25th of 
October. On the 25tb of August, when Jupiter appears 
at O, he will be a Httle to the right hand of the star 
marked s in Gemini ; when he arriTes at H, which will 
happen on the 25th of October, he will apparently re^ 
turn again to O, a small matter above his former path, 
where he will be situated on the 25th of December. Ju- 
piter will not be visible during the whole of his appar- 
ent progress from A to Hf being too near to the sun da- 
ring the months of May and June* 

In the same manner the places and situations of the 
stars may be delineated ; thus, Aldebaran, the principal 
star in the Hyades, will be found by the Globe, (or a 
proper table) to be situated in 7^ of n and in 5|^ of 
south latitude ; Betelgqese in Orion's right shoulder, in 
about 26® of n and In 16® of south latitude, and its place 
may be laid down on a map by extending the Ime of its 
longitude as from L, till it meets a straight line passing 
through 16, 16, on the sides of the map. In the same 
manner any other star's situation may be described ; 
thus, the Hyades will apfiear at Q, the Pleiades at F, 
&c. and Bellatris, &c. as in the figore. 
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The coDBtellatioD Orion, here describedi is a very 
conspicuous object in the heavens in the months of Jan- 
uarj and February, about 9 or 10 o'clock in the even-r 
ing, and will be an excellent guide for determining the 
positions of several other constellatiops, particularly 
Cfuiis Bfajpr, Cuis Mino^y Aiiriga, &d» 



PART IV 



GOVTAIVIirOy 

1. A promiMDOiu CoUeetion of Examples exercising ilie Pfoblemfl on 
the Globes^— 2. .A celleeiion of Onesaonf, with Refcreiieefl to the 
Pages where the Answers will be found; designed «s an Assistant 
to the Tutor in the examination of the Scholar,— 5. A Table of the 
Latitudes and Longiti^es of the PHndpal Places in the World. 



CHAPTER I. 

4 promUcwma ColUi^tion of Examples exercmng, ike 
Problems on the Qlobes^ 

. 1. WHAT daj of the jear is of the flame length a% 
fie 14th of August? 

2i How many miUfl make a degree of longitude in the 
latitude of Lisbon ? 

3. At what hour is tiie sun due east at London on th^ 
5th of May ? 

4. There is a place in the parallel of 31 deg. of north 
latitude, which is 31 deg. distant from London ; what 
place is it ? 

' 5. If .the ,sun*s meridian altitude at London be 30 
deg. what day of the month, and what month ici it ? 

6. On what .month and day is the sun's meridian lati- 
tude at Paris equal to the latitude of Paris ? 

7. When.y Draconis is vertical to the inhabitants of 
London at ten o?plock at night, what day of the month, 
and what month is it ? 

8. .What is the equation of time dependent on the 
obliquity of the ecliptic on tl)e 14th of July ? 
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9* I observed the pointers in the Great Bear, on the 
meridian of London, at eleven o'clock at night ; in what 
jnonth and on what night did thia happen i 

10. On what daj of the month, and in what month, 
will the shadow of a cane, placed perpendicular to the 
horizon of London, at ten o'clock in the morning, be ex- 
actly equal in length to the cane ? 

11. The earth goes round the iun in 365 ^ays 6 hours 
nearly ; how many degrees does it move in one day, at 
a medium i Or, what is the daily apparent mean mo- 
tion of the sun ? 

12. The moon goes once round her orbit, from the 
first point of the sign Aries to the same again, in 27 
days 7 hours 43 minutes 5 seconds ; what is her mean 
motion in one day ? 

13. The moon turns roand her axis from the sun to 
the sun again, in 29 days 12 hours 44 minutes 3 sec- 
onds, which is exactly the time that she takes to go 
round her orbit from new moon to new moon ; at what 
rate per hour are the inhabitants (if any) of her equatori- 
al parts carried per hour by this rotatio;n ? The moon's 
diameter being 2144 miles. 

14. How many degrees does the mothiAof lb* mqoD 
exceed the apparent motion of the sun in 24 hours ? 

15. The day of the month being given, it is required 
to find the moon's longitude when she is eight days aid. 

16. Travelling in an unknown latitude I fowd^ br 
chance, an old horixontal dial ; the hDorlines of wlricn 
were so defaced by time that I couM only diseovec 
those of lY and Y, and fomid their distance to be ex- 
actly 21 degrees; for what latitude was the dM 
made? 

17. Required the duratbn of twilight at the nnltil 
pole. 

18. How far must an inhabitant of London trate( 
southward to lose sight of Aldebaran 7 

19. What is the elevation of the north polar stai" a- 
bove the hortson of Calcutta? 

20. Lord Nelson beat the French fleet near htitdde 
31 deg. It min. north, longitude 80 deg. 92 miD. east ) 
point out the place on the globe. 

21. What is the son's altitude at three o'clocit in tfie 
afternoon at Phfladelphk oii tiie 7th of May i / 
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S9; What ii tha leogth of the day at London on tiie 
26th of Juijr, and how manjr degrees miiflt the sun's dc« 
elioation be diminished to make the day an hour, short- 
er? 

28* At what hour does the sun first make his appear- 
ance at Petersburg on the 4th of June ? 

34. At what rate per hour are the inhabitants of Bot- 
any Bay carried from west to east by the rotation of the 
earth on its axis ? 

25* When Arcturus is 30 deg» aboTO tiie horizon of 
Loodotty and eastwar4iof the meridian, on the 5th of No^ 
▼ember, what o'clock is it ? 

26. Describe an horiaontal dial for the latitude of 
VFashington. 

27. Describe a yertical dial facing the south, for the 
latitude of Edinburgh. 

28* What is the mopa's greatest altitude to the inhabit 
tants of Dublin? 

29. What is the sun's greatest meridian altitude at 
the southern extremity of Patagonia ? 

30. At what hour at London, on the 15th of August^ 
will the Pleiades be on the meridian of Philadel- 
pfaia? 

31. If a comet, whose longitude was 4 signs 5 deg« 
and latitude 44 deg* north, appeared in Ursa Major, in 
what part of the constellation was it ? 

32. On what point of the compass does the sun set at 
liladrid when constant twilij^t begins at London ? 

33. What is the difference between the duration of 
twilight at Petersburg and Calcutta, on the first of Feb- 
ruary ? 

34. How much longer is the tenth of December at 
Madras than at Archangel ? 

35. How much longer is the 5th of May at Archan^ 
gel than at Madras i 

36* When it is two o'clock in the afternboo at Lon- 
don, on the 1 5th of February, to what place is the sun 
rising and setting, and where is it noon ? 

37.. Does the sun shine over the north or south pole 
on the 17th of April, and how far ? 

38. At what hour on the 18th of April will the sun's 
altitude and azimuth, from the east towards the south,, 
be 40 deg« at Loudoo i 
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39; Which way must a ship steer from Rio Janeiro to 
the Cape of Good Hope i 

40. Are the clocks at Philadelphia faster or slower 
than those at London, and how much i 

41. Are the clocks at Calcutta faster of slower than 
the clocks at London, and how much i 

42* What is the difference of Latitude between Co- 
penhagen and Venice ? 

43. There is a place in latitude 31 deg. 11 min. north, 
'situated, by an angle of position, south-east dy east ^ 
east from London ; what place is fhat, and how far is it 
from London in English miles i 

44. On the 13th of February, 1813, the longitude of 
Yenus was 9 signs 29 deg. 2 min. latitude deg. 14 
min; south; did Venus rise before or after the sun, and 
how much? 

45. On the 7th of December, 1813, the longitude of 
Venus was 10 signs deg. 51 min. latitude 2 deg. 26 
min. south ; did Venus f ise before or after the sun, and 
how much 7 

46. On the 19th of October, 1813, the longitude of 
the planet Jupiter was 5 signs 3 deg. 41 min. latitude 
deg. 52 min. north ; at what hour did he rise, come t6 
the meridian, and set at London ? 

47. On the 7th of January, 1813, the moon's longi^ 
tude at midnight was 11 signs 22 deg. 20 min. latitude'^ 
deg. 47 min. south ; required her rising amplitude at 
London, and the hour and azimuth, when she was 30 deg. 
kbove the horizon. 

48. The moon's longitude on the 5tfa of November, 
1813, at midnight, was signs 9 deg. 21 min. latitude 
4 deg. 31 min. south v required the time of her rising, 
coming t(^ the meridian, and setting at London, and the 
time of high water at London Bridge. 

49. To what places of the earth was the moon 
vertical, on the first of January, 1813, her longitude be- 
ing 9 signs 2 deg. 49 min. and latitude 3 deg. 48 min. 
north ? 

50. On the 1st of March, 1813, the moon's ascending 
node was 4 signs 18 deg. 39 min.; where will the de« 
spending node be ? 

51. The moon's declination on the 10th of November, 
1813, was 20 deg. 8 min. north ^ to what pli^es of the 
earth was she vertical 7 
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5-2. What atir» are domtiMitly abore the horiioii of 
Copenhagen i 

59. I obsefved the altitude of Betelguete to be 19 
4eg. add that of Aldebaran 40 deg. ; they both appear- 
ed in the same azimuth, vis. exactly east ; what lati* 
f ii4e Was liai 

54. In what latitude ia Aldebaran on the meridiaa 
vriiea ^'iii the Lion^s Tail is rising ? 

55. In what latitude ia Bijfel setting when Regnlus is 
OB the SMridiaii i 

56. Ia #bat latitude are the pointers in the Great 
Bear on the aieridian when Vega is rising i 

57. In latitude 79 deg. north, on the Ist of February^ 
at what hour wiH Procjren and R^ulos hare the same 
altitude ? . 

59. At what hovr on the lOtfa of February, will Ga^ 
pella and Procyon have the same azimuth at London i 

59. On the lOtk of November, at eight o'clock in the 
evening, Bellatrix in the left shoulder of Orion was ris« 
ing ; what was the htitude of the place ? 

60. On the 16th of February, Arctunis rose at eight 
6*cb>ek in the evening ; what was the latitude i 

61. At what hour of the night, on the 16th of Febni« 
ary, wiH the altitude of Regulus be 28 deg. at London i 

6£. Required the altitude and azimuth of Markab in 
Pegasus, at London, on the 21st of September, at nine 
e^ctock in the evening. 

63. On what day of the month, and in what month, 
will the poittfieraof the Oreat Bear been the meridian of 
London at midnight ? 

64. What inhabitants of the earth have die greatest 
portion of moon-light ? 

65. On what day of the year wiH Altteir, in the Ea* 
gle, come to the meridian of London with the sun ? 

66. in #hAt'hitHude nofth ivthe length of the longest 
da^ eteven tfakiea tbsiof tfce ahovtest I 

67. In what latitude south is the longest day elg^eii 
ievft ? 

da. At wtet thl^ does ibm motnin^ twilij^t begi*^ 
and at what time does the evming t?#Hight €M at PM(tt<i 
Mj^j M the 1 Jth^ of lanuM^y i 

69. When it is four o'clock in the afteniM» a^ &oaP 
don, on the 4th of June, where is it twilight ? 

42 
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70. Required the antipodes of Cape Horn, 
ri. Required (he perioeci of Philadelphia. 

72. Required the antoeci of the Saodwieb Islands. 

73. What is the angle of position between London and 
J ernsalem ? 

74. Required the distancebetween London and Alex«« 
andria, in unglish and geographical miles. 

75. In what latitude north does the sun begin to shine 
constantly on the 10th of April ? 

76. How long does the sun shine without setting at 
the north pole, and what is the duration of dark night i 

77. Where is the sun vertical when it is midnight at 
Dublin on the 15th of July i 

78. When it is five o'clock in the evening at Phila- . 
delphia, where is it midnight, and where is it noon ? 

79. What places have the same hours ot the day as 
Edinburgh ? 

80. What places have opposite hours to the respec* 
tive capitals of Europe ? 

81. At what hours at London, is the sun due east at 
ike time of the equinoxes i 

82. At what hour at London, is the son due east at 
the time of the solstices i 

83< In what climates are the following places situated, 
viz. Philadelphia, Madrid, Drontheim, Trineomale, Cal- 
cutta, and Astracan i 

84. On what day of the year does Regultts rise heli- 
acally at London ? 

85 .On what day of the year does Retelguese set heli^ 
acally at London i 

86. What stars set acronycally at London on the 24th 
of December i 

87. What stai<li rise acronycally at London on the 
12th of December .^ 

85. In what latitude north do the bright alars in the 
head of the Dolphni, and Altair ito. the Ea(^, rise at the 
aamehour ? 

89. In what latitude north do Capella and Castor set 
at the same hour, and what is the diffiBreneeof time be- 
tween their coming to the meridian T > 

90. What stars rise coamically at London on the 7t^ 
of December? 
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HI. What stars set cosmicallj at London on the 10th 
of December ? 

92. What degrees of the ecliptic and equinoctial rise 
with A.ldebaran at London i 

93. On what day of the jear does Arctums come to 
the meridian of London, at two o'clock in the morning i 

94. On what day of the y«ar does Regulus come to 
the meridian of London, at nine o'clock in the evening i 

95. At what time does Vega in Lyra come to the 
meridian of London, on the 18th of August ? 

96. Trace out the Galaxy or Milky-way on the celes- 
tial globe. 

97. If the meridian altitude of the sun on the 7th of 
June be 50 deg. what is the latitude of the place t 

98. Required theniun's right and oblique ascension 
at London, at the equinoxes. 

99. Required the sun's right ascension, oblique as- 
cension, ascensional difference, and time of rising. and 
setting at London, on the dth of May. 

100. If the sun's rising amplitude on the 7th of June 
be 24 deg. to the northward of the east, what Is the lati- 
tude of the phice i 

101. What stars have the following degrees of right 
ascensions and declinations i 

7^ 10' R-A.29°45' D.N.||1«2° 49'R.A 62° 50' D.N, 

14 38 R.A.34 33 D.N. 244 17 R.A.25 58 D.S. 

135 59 R.A. 3 10 D.N.Ii238 27 R.A.19 15 D.S. 

102. Describe a horizontad sun-dial for the latitude 
of Edinburgh. 

103. What is the length of the day on the 14th of Feb- 
ruary at Londour Aow much must the sun's declination 
increase to make the day an hour longer ? 

104. What hour is it at London when it is 17 minutes 
past 4 in the evening at Jerusalem ? 

105. On the filst of June, the sun's altitude was ob- 
served to be 46 deg. 25 min. and his azimuth 112 deg. 
$9 min. from the north towards the east^ at London l 
what was the hour of the day i 

106. Given the sun's declination 17 deg. 6 min. north, 
and increasing ; to find the sun's longitude, right ascen* 
aion, and the angle formed between the ecliptic and the 
meridian passing thro^^ the sun« 
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107» QWm tfaft H«n'fi rigbt ascension 134 deg. 54 min. 
to find his loDgitude* declination, and the angl^ foroied 
between the ediptic and the mwdian (lassiBg through 
the sun. 

108. Oiveh the sya's longitude 17 deg. 34 miii* ia \i ; 
to fiod his declioation, right aseeosion, and the angte 
formed between the ecliptic and the meridian passing 
through the sun* 

109. Oiven the sun's amplitude 39 deg. 50 min^ from 
the east towards the north, and his declinatioa 23| deg. 
north ; to find the latitude of the place, the tim^ of the 
sun's rising and setting, and the length of the daj and 
night. 

110. At what time on the first of April, will Arctums 
apjpear upon the 6 o'clock hour-line at London, 9nd what 
will his altitude and azimuth be at that time ? 

111. Required the altitude of the sun, and the hour 
be will appear due east at London, on the SOlh of Jtfaj* 

112. At what hours will Arc tnrus appear dne east an4 
west at London, on the 2d of April, and what will its al- 
titude be ? 

113. At London, the sun's altitude was observed (a 
be 25 deg. 30 min. when on the prime vertical ; required 
bis declination and the hour of the day. i 

114. On the 2d of April, 1313, the moon's ri^t as- 
cension at midnight was 35 deg. 44 min. and her de* 
clination 8 deg. 57 min. north ; required her diatanee 
from Begulus, Procyon, and Betelguese, at that time. 

115. The distance of a comet from Siriuswas observ- 
ed to be 66 deg. and from Procyo»51 deg. 6 min. ^ the 
comet was westward of Sirius ; required its latitude and 
longitude. 

116. On the 29th of January, in latitude 53 deg. 24 
min. north, and longitude 25 deg.. IB min. west, at 14 
hours 58 min. by a watch well regulated; the altitude 
of Procyon was 19 deg» 54 min. and that of Alphacca 
iras 42 deg. 9 min. as observed by two sepai^te pcarr 
sons ; Alphacca was on the east, and Procyon on the 
west of the meridian ; was the watch too fast or too 
sbw? 

117. The declination of y in the head of Draeo is 41 
deg. 31 min. north ; to what places will it b^ irof tipi^ 
when it comes to their respective meridians ? 
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118. When it it four o'clock in the evening at Lon- 
don on the 4th of May, to what placet it the tun riting 
and setting, wh^re it it noon at midnight, and to what 
place is the tun vertical ? 

119. At what time doee the tun rite and set at the 
T9«/rth Cape, on the north of Lapland, on the 5th of 
April, and what it the length of the day and night i 

120t At what time doea the sun rite at the Shetland 
Islands, when it tets at four o'clock in the afternoon at 
Cape Horn ? 

121. Walking in the Kensington Oardent on the 17th of 
May, it was twelve o'clock by the sun-dial, and wanted 
eight minutes to twelve by my watch ; wat my watch 
right? 

122. If the tun tet at nine o'clock, at what time 
does it rite,. and what it the length of the day and 
ipight ? 

123. Where it the tun vertical when it Ir five o'clock 
in the morning at Ijondon,on the 15th of May ? 

124. At what hour doet day break at London on the 
5th of April? 

125. If the moon be five day t old on the firtt of June, 
at what time doea the rite, calminate, and set at Lon* 
don? 

136* On what day of the month, and in what month, 
doet the tun rite 84 deg. to the north of the eaat, at 
London ? 

127. When the tun it riting to the inhabitantt ot Lon<» 
don on the 8th of May, where it it totting ? 

128. When the tun it totting to the inhabitantt of 
Calcutta on the 18th of March, where it it midnight? 

129. What it the difference between the circumfer* 
ence of the earth at the equator and at Petersburg, in 
English miles ? 

130. At what hour doet the tun rite at Barbadoea 
when constant twilight begins at Dublin ? 

131. When the tun it riting at O'why'hee, on the 
18th of May, where it it noon ? 

1%. At what hour doet the tun rite at London when 
it tett at teven o'clock at Petertbmrg i 

133. How high it the the north polar atar dbatt th« 
horia$^nof Ctoebec } 
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134. How manjr English miles must ao inlmbitaDt of 
lioadoo travel sottthward, that the meridian altttade of 
the north polar star be dimioisbed iL5 deg. ? 

135. Uoir many English miles must I travel 
westward from London, that my watch may be seven 
hours too fast i 

136. What place of the earth has the sun in the zenith 
when it is seven o'clock in the morning at London, on 
the 25th of April? 

137. On what day of the month, and in what month, 
is the sun's amplitude at London equal to one-third of 
the latitude ? 

138. On what month, and day is the sun's amplitude 
at London equal to the latitude of Kingston in Jamai- 
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139. Ifthe moon be three days old on the iTthof 
February, what is her longitude i 

140. If the highest point of JMont Blanc, be 5101 
yards above the level of the sea, what would be its aiti* 
tude on a globe of 18 inches in diameter ? 

141. Ifthe polar diameter of the earth be to the equa* 
forial diameter as 229 is to 230, what would the polar 
diameter of a three inch globe be, if constructed ob this 
principle ? 

142. What inhabitants of the earth, in the course of 
12 hours, will be io the same situation as their anti- 
podes ? 

143. On what day oftheyear at London, Is the twi- 
light eight hours long i 

144. At what time does the sun rise and set at Lon- 
don, when the inhabitants of the north pole begin to 
have dark night ? 

145. At what hour does the sun set at the Cape of 
Good Hope, when total darkness ends at the north pole f 

146. What is the moon's longitude when full moon 
happens on the 5th of April i 

147. Does the sun ever rise and set at the north 
pole ? 

148. At what hour of the day, on the 15th of April, 
will a person at London, have his shadow the shortest 
HOSflible ? 

149. If the precession of the equinoxes be 50^ 9ec^ 
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oadsiii a year, how many years will elapse before the 
cohsteltation Aries will coiacide.wilh the solstieial C(K 
lure ? 

150. If the obliquity of the ecliptic be continually di- 
minishingy at the rate of 56 seconds in a century , as sta- 
ted by several authors, how many years will elapse from 
the first of January, 1805, when the obliquity of the e- 
cliptic was 23 deg. 27 niin. 52. 8 sec. before the ecliptic 
will coincide with the equator? 

151. Required the duration of dark night at the south 
of Nova Zembla. 

152. When constant twilight enda at Petersburg, 
where is the day 18 hours long ? 

153. At what hour does the sun set at Constantinople 
when it rises 12 deg. to the north of the east ? 

154. What is the difference between a solar and a %U 
derial year, and what does the difference arise from ? 

155. What is the difference between the length of a 
natural or astronomical day and a siderial day, and hoWv 
does the difference arise ? 

156. Required the difference between the length of 
the longest day at Cape Horn and at Edinburgh. 

157. If one man were to travel eight miles a day west- 
ward round the ^arth at the equator, and another two 
miles a day westward round it in the latitude of 80 deg. 
north ; in how many days would each of them return to 
the place whence he set-out i 

]58* If a pole of 18 feet in length be placed perpen- 
dicular to the horizon of London, on the 15th orjuly, 
and another etactiy of the same length be placed in a 
similar manner at Edinburgh, which will cast the longer 
shadow at noon ? 

159. If the moon be in 29 deg. of L^o at the time of 
new moon$ what sign and degree will she be in when she 
is five days old ? 

160. What is the durajion of constant day or twilight 
at the north of Spitzbergeb ? 

161. What place upon the globe has the greatest lon- 
gitude, the least longitude, no longitude, and every lon- 
gitude ? 

162. In what latitude is the length oi the longest day, 
to the length of the shortest, in the ratio of 3 to 2 ? ;. 
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163« If k nan of 6 feet high were to travel round the 
earthy how much farther would his head go than hi* 
feet? 



CHAP. II. 



A Collection of QuestionSy with References to the Pages 
where the Answers wUl be found ; designed as cm As- 
. uistatU to the IWor^ in the Examination of the Stu- 
dent. 

h Qreat circles^ on the terrestrial globe. 

1. WHAT is a Great Circle, and how many are there 
drawn on the terrestrial globe } Dejinition 6, page 3. 

2* What 19 the equator, and what is its use ? Drf* 9, 
page 3. 

3. What are the meridiansy and how many ate .dracwn 
QU the terrestrial globe ? Def 8, page 3* 

4. What is the first meridian ? Def. 10, page 3# 

5. What is the ecliptic, and where U it situated ? 
De/. 11, page 3. 

6. What are the colures, and into how inany parts do 
they divide the ecliptic I Dfff. 42, page 10. 

7. WJiat are the hour-circles, and how are thej drawn 
on the globe i Def 50, page 11. 

8. What hour-circle is called the 6 o'ckick hour line T 
Def 51, page 11. 

. 0. What are the azimuth or vertical circles, and what 
is their use i Def 43, page 10. 

10. What H the prime vertical i Def 44, page 10. 
r 

* Though a referenoe be givni to the pages where the answen to. 
each question may be found ; yet, perhaps it would be better for the 
student not to learn the answers by heart, verbatim from the hook ; bul 
to fniQie aa answer liimf>elt fros an a(ttentive perusal of his Ibsson ; by 
which means, tlM uaderstaadiag will be called into eiefeiss ai well s» 
the meMory. 
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IL Stnall circles on the terrestrial globe* 

1 • What J8 a flinali circle, and bow many are generally 
drawn on the terreetrial globe 7 Def. 7, page 3. 

2* What are the tropica, and how far do they extend 
from the equator, &c. ? Def. 15, page 5. 

3. What are the polar circles, and where are they 
situated ? Def. 16, page 5. 

4. What are the parallels of latitude, and how many 
are generally drawn on the terrestrial globe ? Def ifp 
page 5. 

5. What circles are called Almacanters ? Def 39| 
page 9. 

III. Great circles on the celestial globe* 

1 • How jnany great circles are drawn on the celes* 
iial globe ? 

2. The lines of terrestrial longitude are perpendicniar 
to the equator, on the terrestrial globe, and all meet in 
liie poles of the world ; to which great circle on tha 
globe are the lines of celestial longitude perpendiculaft 

, and on what points of the globe do they all meet ? 

3. What are the colures, and into how many parts do 
the J divide the ecliptic ? Def 42, page 10. 

4. What is the equinoctial, and what is its use? Dtf. 
9, page 3. 

6. What is the ecliptic, and where is it situated ? D^^ 
11, pages. 

6. What is the zodiac, and into how many parts is it 
divided ? Def 12, page 4. 

7. What are the signs of the zodiac, and how are they 
marked ? ^ Def. 13, page 4. 

8. Which are the spring, summer, autumnal, i^nd 
winter signs ; and on what days does the sun enter diem? 
J>^. 13, page 4. 

9. Which are the ascending and descending signt ? 
Htf. 13, p9ge 4. 

IV. Small circles an the celestial globe* 

.1. How many amaUxircles are drawn on the cdestial^ 
globe ? 

43 
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2. What are the tropics, and how far do^ they extend 
from the equinoctial ? Dtf. 15» page 5. 

3. What are the polar cirelear And where are they 
sitaated i Def. 16, page 5. 

4. What are the paraliels. of celestial latitude } JDef. 
40, page 10. 

5. What are the parallels of declinatioii 2 Def. 41| 
page 10. 

Y* The brM8- meridianf and other apjfmdages to the 
globes* 

1. What is the brazen iheridian, and how is it divided 
and numbered ? Def. 5, page 2. 

2. What is the axis of the earth, and bow is it repre* 
aented by the artificial globes ? Def. 4, page 2. 

d. What are the poles of the world i J)tf. 4, page 2. 

4. What are the liour circles, and how ar^ they divir 
ded ? Def. 18, page 5. 

5. What is the horizon, and what is the distinctien 
between the rational and sensible horizon ! Def. 19,20, 
and 21, page 6. 

6* What is the wooden horizon, and how is it divided i 
Dtf. 22, page 6. 

7. What is the mariner's compass, bow is it divided ( 
and what ik the use of it on the globe i Dtf. 32, 33, and 
Bote, page 8. 

9. What ia the quadrant of altitude, how is it divided, 
and what is its use i Def. 36, page 9. 

VI. Points ofit and belonging to the globes. 

1. What is the pole of a circle i JDe/! 28, page 7. 
% ' What is the zenith, and of what circle i» it the 
pole i Def 26, page 7. 

3. What is the nadir, and of what circle is it the pol^ 
I)ef.27^page3:. 

4 What are the cardinal points of the horizon ? Def. 

23, page 7. 

5. What are the cardinal points in the heavens? Dtf. 

24, page 7. 

6. What are the cardinal points of the ecliptic l Dtf. 
36, page 7. 
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If. What are the equinoctial points ? Bef. 29, page 7* 

8. What are the solstitial points i JD^30, page 8. 

9. What is the culminating point of a star» or of a 
planet I Dtf. 5% page 12. 

. 10. What are the poles of the ecliptic, how far are 
they from the polea ot the world, and in what circles are 
they situated ? 

VII- Latitude and longitude of the terestrial glohe^ the 
division of the globe tWo sones and dimateSf the 
position of the sphere^ the shadows^ and positions af 
the inhabitants with respect to tadi sther, dfc. 

1. What is the latitiidle of a place on the terrestrial 
globe i Def. 34, page 9. 

2. What is the longitude of a place on the terrestrial 
globe ? Uef 37, page 9. 

.3. What is a zone, and how many are there on the 
terrestrial globe ? Def 70, page IS. 

4. What is the situation, and what is the extent of the 
torrid zone ? Dtf. 71, page 13, 

5. Where are the two temperate zones situated^ and 
what is the extent of each 2 Def 72, page 18. 

6. Where are the two frigid zones situated, and what 
is the extent of each i Def 73, page 18. 

7 What is a climate, and how many are there on the 
globe? Def 69, page 15. 

8. Have all places in the same climate the same 
atmospherical temperature i Note, page 15. 

9. How many ^different positions of the sphere are 
there i Def 65, page 15* 

10. What is a right sphere, and what inhabitants of 
the globe have this position i Def 66, page 15 ; see 
likewise Prob. XXII, page 192. 

11. What is a parallel sphere, and what inhabitants 
of the globe have this position i Def 67, page 15 ; and 
Prob. :!^XII. page 192, &c. 

12. What is an oblique sphere, and what inhabitants 
of the globe have this position I Def 68, page 15 ; and 
Prob. XXII, page 192, &c. 

13. What parts of the globe do the Amphiscti Inhabit^ 
( and why are they so called i J)ef 74, page 18. 
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14. When do the Anrphiscii obtain the name of As* 
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15* What parts of the globe do the Heteroecii inhabit, 
and why are they so called i Def^lb, page 18. 

16. What parts of the globe do the Periscii inhabiti 
and why are they so called \ Dtf. 76, page 19. 

17. What inhabitants are called Antoeci to each other, 
and what do you observe with respect to their latitudes, 
longitudes, hours, &c. ? Def. 77, page 19 

18. What inhabitants are called Perioeci to each 
other, and what is observed with respect to their lati- 
tudes, longitudes, hours, seasons, &c. i 

19* What are the Antipodes, and what is observed 
with respect to their seasons of the year, &c. i Dtf. 79, 
page 19. 

TIIL Latitudes and longitudes of the stars and plan* 
£ts on the celestial globe^ <&c. together with the poeti* 
eal rising and setting of the starSy &c. 

!• What is the latitude of a star or planet i Def 35 f 
page 9. 

% What is the longitude of a star or planet i Def 
38, page 9. 

3. What are the fixed stars, and why are they so cal- 
led ? Dtf. 88, page 22. 

4* What is a constellation, and how many are there 
on the celestial globe i Def 90, page 22 ; see the tables, 
pages 23, 24, 25, 26, and 27. 

5. What is meant by the poetical rising and setting of 
the stars i Def 89, page 22. 

6. When is a star said to rise and set cosmically i 
7* When is a star said to rise and set acronycally i 
8. When is a star said to rise and set heliacally ?l 

9 .What is the Via Lactea,and through whatconstel- 
iations does it pass ? Def 91, page 34« 

10. What kind of stars are termed Nebulous i Dtf^ 
92, page 34. 

11. How are the stars, which have not particular 
names, distinguished on the celestial globe ? D^. 93, 
page 34. 
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IX. D^nU%on$ and terms common to both thi globes. 

1. What is the declination of the gun, a atar, or plan- 
et? Def. 14»page4. 

2. What i« a hemisphere i Def. 31, page 8. 

3. What is the altitude of anj object in the heavens i 
Def. 45, page 10. 

4. What is the meridian altitude of the sun, a atar, or 
planet i 

5. What is the zenith distance of a celestial object i 
Def 46, page 10. 

6. What is the polar distance of a celestial object i 
D«/. 47, page 11. 

• f. What is the amplitude of a celestial object ? Def* 
48, page 11. 

8. What is the azimuth of a celestial object ? Dtf. 
48, page 11. 

9. What is the right ascension of the sun, or of a star, 
&c. ? Def. 80, page 19. 

10. What is the oblique ascension of the sun, or of a 
star, &c. ? Def 81, page 19. 

11. What is the oblique descension of the sun, or of 
a star, &c. ? Def 22, page 19. 

12. What is the ascensional or descensional differ- 
ence i Def 83, page 19. 

X. Time — Years, Days, Ac. 

1. What is a solar or tropical year, and what is the 
length of it ? Def 62, page 14. 

2. What is a siderial year, and what is its duration i 
Def 63, page 14. 

3. What is an astronomical day ? Def 58, page 13* 

4. What is a mean solar day i Def 57, page 12. 

5. What is a true solar day i Def 56, page 12. 

6. What is an artificial day ? Def 59, page 13. 

7. What is a civil day i Def 60, pzgd 13. 

8. What is a siderial day ? Def- 61, page 13. 

9* What is meant by apparent noon, or apparent 
time ? Def. 53, page 12. 

10. What is true or mean noon i Def 54, page 12. 

11. What is the equation of time at noon r Def 55, « 
page 12. 
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XI. Astronomical and Miscellaneous DefiniiionSj Ac^ 

\. What do you uodersfand hj the precession of the 
equiDOxes, and in what time do they make an entire rev* 
olution round the equinoctial ? i)e/*. 64, page 14. 

% What 18 the crepusculum or twilight^ and what is 
the cause of it ? Def. 84, page 20. 

3. What b jrefraction, and whence does it arise ? 
Def, 85, page 20. 

4. What is an angle of position, and in what does it 
differ from a bearing by the mariner's compass ? Def. 
86, page 21, and note page 1 78. 

5. What are rhumbs and rhumb-lines? Def. Vt^ 
page 21 • 

6. What are the planets, and how many belong to the 
•olar system ? Dy. 94 and 95, pages 35 and 36* 

r. What is the distinction between prin>ary and sec* 
ondary planets, and how many secondary planets belong 
to the solar system i Def, 96, page 36. 

8. What is the orbit of a planet I Def. 97, page 36. 
Of what figure are the orbits of the planets, and in what 
part of the figure is the sun placed i page 129. 

9. What are the nodes of a planet i Def- 98, page 36. 

10. What are the different aspects of the planets, and 
bow many are there ? Def» 99, page 36« 

11. What are the syzygies and quadratures of the 
moon? 

18. When is a planet's motion said to be direct, sta- 
tionarjr, or retrograde? Def.lOOy 101, and 102, page 
37 

13. What is a digit ? Def. 103, page 37. 

14. What is the disc of the sun or moon ? Def. 104, 
page 37. 

15. What are the geocentric and heliocentric latitudes 
and longitudes of the planets? Def* 105, and 106, page 
37. 

16. When is a planet said to be in apogee ? Def 107, 
page 37* 

17. When is a planet said to be in perigee ? Def 
108, pBg<^ 37. 

18. What is the aphelion or higher apsis of a planet's 
orbit ? Jhf 109, page 37. 

19. What is the perihelion or lower apsis of aphnet'a 
orbit? JDe/*. 110, page 37. 
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8e. What is the line of the apsides ? Dtf. 1 1 1| page 
37. 

21. What 18 the eccentricity of the orbit of a planet ? 
Def. 112, page 37. 

22. What is the elongation of a planet ? Def. 11 7, 
page 38. 

23. What are the occultation and transit of a planet i 
Def. 1 13 and 1 14, page 37* 

24. What ia the cause of an eclipse of the snn i Dtf 
115, page 38. '" , 

'25. What is the cause of an eclipse of the moon I 
Bef. 116, page 38. 

26. What are the nocturnal and diurnal arcs descri- 
bed by the heavenly bodies ? Def. 1 18 and 1 19, page 
38. 

27. What is the aberration of a star ? Def 120, page 
38. 

28. What are the centripetal and centrifugal forces f 
Def 121 and 122, page 38. 

29. What is gravity ? Def 8, page 44. 

30. What is the vis inertiie of a body ? Def 9, page 44. 

31. What are the general properties of matter? Def 
1 and 2, page 42. 

32. Can matter be divided ad infinUum ? pages 43 
and 44. 

33. What is motion, and what is the distinction be- 
tween absolute and relative motion i Def 6, page 43« 
and Def 10, page 44. 

34. What are Sir Isaac Newton's three laws of mo- 
tion ? pages 45 and 46. 

35. What is compound motion ? page 46. 

XII. Of the solar system and the sun. 

1. What is the solar system, and why is it so called t 
page 124. 

2. What part of the solar system is called the centre 
of the world ? page 124. 

3. Does not the sun revolve on its axis, and what oth- 
er motion has it? pages 124 and 125. 

4. Of what shape is the sun, how far is it from the 
earth, and how many miles is it in diameter i 

5. What is the ^Comparative magnitude between, the 
aunand the earth i page 126. 
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XIII. Of Mercury. 

' 1. Wbat 18 the length of Mercury's year? page 127. 

2. What 18 the greatest eloogation of Mercury i page 
127. 

3. What is the distance of Mercury from the sun i 

4. What 18 the diameter of Mercury i page 127. 

5. What is the comparative magnitude between 
Mercnry and the earth i 

6. What is the comparison between the light and heal 
which Mercury receives from the sun, and the light and 
heat which the earth receives ? 

7* At what rate per hour are the inhabitants of Mer- 
cury (if any) carried round the sun i page 128. 

XIV. Of Venus. 

1. When is Venus an evening star, and in what iiitua- 
tion is she a morning star i page 129. 

2. How long is Venus a morning star i page 129. 

3. In how many days does Venus revolve round the 
sun i 

4* The last transit of Venus over the sun's disc hap- 
pened in 1769, when will the next transit happen i 

5. What is the opinion of Dr. Herschel respecting 
the mountains in Venus i 

^ 6. What is the opinion of M. Schroeter on the same 
subject ? page 138 in.the notes. 

7. What is the greatest elongation of Venus i page 
130. 

8. What is the diameter of Venus ? page 130. 

9. What is the magnitude of Venus ? 

10. What is the disti^nce of Venus from the sun ? 

11. What is the comparison between the light and 
beat which Venus receives from the sun, and the light 
and heat which the earth receives ? 

12* At what rate per hour does Venus move round 
the sun ? 

XV. Of ih€ Earth. 

1. What is the figure of the earth 1 page 52. 
S. Why is the earth represeoted by a globe ? pages 
57 and 68. 
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3. What proofs hare we that the earth is globular? 
pages 52 and 53. 

4. What would be the elevation of Chimbora^o, the 
highest of the Andes mountains, on an artificial globe of 
18 inches diameter ? page 54, the note. 

5. What is a spheroid, and bow is It generated i page 
44, the note. 

6. What is the difference between the polar and equa« 
torial diameters of the earth ? page 55, and the note. 

7. What is the length of a degree i page 57, and the 
note. 

8. What is the use of finding the length of a degree^ 
and how can the magnitude of the earth be determined 
thereby i page 57. 

9. Who was the £rst person who measured the length 
of a degree tolerably accurate i page 57. 

10. What is the length of a degree according to the 
French admeasurement ? page 57, the note. 

11. In what time does the earth revolve on its axis 
from west to east ? page 58, and Def. 61, page 13 and 
the note. 

12. What is the diameter of the earth ; what is its cir- 
cumference, and how are thej determined i page 57^ 
and the note. 

13. What proofs can you give of the diurnal motion of 
the earth i pages 59 and 60. 

14. How do you explain the phenomena of the appa- 
rent diurnal motion of the sun ? pages 60 and 61. 

15. What proofs can you give of the annual motion of 
the earth ? page 61. 

16. What is the distance of the earth from the sun, 
and how is it calculated? page 62, and the note. 

17. At what rate per hour does the earth travel round 
the sun ? page 63. 

18. At what rate per hour are the inhabitants of the 
equator carried from west to east by the revolution of the 
earth on its axis, and at what rate per hour are the in- 
habitants of London carried the same way ? page 6?. 

19. How do you explain the motion of the earth 
round the sun ? page 64. 

20. How do you illustrate the phenomena of the dtf-* 
ferent seasons of the year i pages 63, 64, and 65. 

44 
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XVI. Of the Moon. 

• 1. Qpw many kinds of lunar months are there ? page 
132. 

2. What is a periodical month ? 

3. What is a synodical month ? 

4. When is the eccentricity of the moon's eUiptical 
otbit the greatest i 

5. When is the eccentricity of the moon's eUiptical 
orbit the least ? page 132. 

6. Does the motion of the moon's nodes follow, or rer 
cede firom the order of the signs ? 

7. In how many years do the moon's nodes form a 
complete rerolution round the ecliptic ? 

8. In what space of time does the moon turn on her 
axis ?page 133. 

9. What is the libration of the moon i ,.. 

10. Is the path of the moon convex, or concave to* 
wards the snn ? page 133. 

1 1 • Please to explain the different phases of the moon, 
pages 134, and 135. 

12. What pi^t on the earth has a foctoigbt's qioon^ 
light «nda fortnight's darkness, alternately i pages 135, 
and 195. 

13. What is the moon's mean horisontal parallax, and 
at what distance is she from the earth } page 136. 

14. What is the magnitude, of the moon when com- 
pared with that of the earth ? 

15. How many miles is the moon in diameter i 

16. In how many days does the moon perform her 
revolution round the earth, and at what. rate does she 
travel per hour i page 136» 

17. In what ms^nner have astronomers described the 
different spots on the moon's surface ? 

18. Have not astronomers discovered volcanoes, 
mountams,&o. in the moon i pages 137 and 138* 

XVII. OfMar9. 

1. What is the general appearance of ttbra \ page 
139. 
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. 2* In what time does Mara rerolve on his axii? page 
140. 

3. In what time does Man perform his reyolation 
round the sun, and at what rate does he travel per hour I 
page 140. 

4. How far is Mars distant from the sun i 

5. How manj miles is Mars in diameter T 

6. What is the comparative magnitude between Mars 
and the earth I 

XYIII. Of Ceresy Pallas, Juno, and Veita. 

1. When, and by whom, was the planet or Asteroid, 
Ceres discovered i page 141. 

2. How many miles is Ceres in diameter ? 

3. What is the distance of Ceres from the sun, and 
what is the length of her year ? 

4. When and by whom was Pallas discovered ? 

5. What is the diameter of Pallas in English miles ? 

6. Who discovered the Planet Juno i 

7» By whom was Vesta discovered i page 142. 

XIX. Of Jupiter, Ac. - 

1. In what situation is iTupiter a morning star, and in 
what situation is he an evening star ? page 142. 

2. In what time does Jupiter revolve on his axis ? 

3. What are Jupiter's belts ? 

4. In what time does Jupiter perform his revolution, 
round the sun, and at what rate per hour doeshe travel i 
page 143. 

5. What is tte distance of Jupiter fjrom the sun ? 

6. What is the diameter of Jupiter in English miles ? 

7. What is the comparative magnitude between Ju- 
piter and the earth ? 

8. What is the compMson between the light and heat * 
which Jupiter receives from the sun,' and the light and 
heat which the earth receives ? 

9. How many satellites is Jupiter attended by ? page 
144. 

10. By whom were the satellites of Jupiter discover- 
ed ? ' 
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11. Id what time do the respectiTe satellites perform 
their revolutions round Jupiter ? 

12. In what manner are the longitudes of places de- 
termined bj the satellites of Jupiter i page 145. 

13. Please to explain the configuration of the satel- 
lites of Jupiter as given in the Xllth page of the Nauti- 
cal Almanac, pages 145 and 146. 

14. How was the progressive motion of light discov- 
ered ? page 147. 

XX.O/ Saturn, &c. 

]• What is the appearance of Saturn when viewed 
through a telescope ? page 147. 

2. In what time does Saturn perform his revolution 
round the sun, and at what rate does he travel per hour I 

3. What is the distance of Saturn from the sun ? 

4. How many English miles is Saturn in diameter, and 
what is his magnitude compared with thaVof the earth ? 
page 148. 

5. What is the comparison between the light and 
beat which Saturn receives from the sun, and the light 
and heat which the earth receives i 

6. In what time does Saturn revolve on his axis ? 

7. How many moons is Saturn attended by, and by 
whom were they discovered ? 

8. Is not the 7th satellite the nearest \o Saturn, 
and, if so, why was it not called the first satellite ? page 
149. 

9*. What is the ring of Saturn, and how may it be rep- 
resented by the globe ? pages 149,. and 150. 

10. By whom was the ring of Saturn discovered l 

11. In what time does the ring of Saturn revolve 
round the axis of Saturn i 

XXL Of the Oeorgian Planet, &c. 

!• When and by whom was the Oeorgian planet dis- 
covered ? page 150. 

2. What is the appearance of the Oeorgian when view- 
ed through a tellescope f page )5). 
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3. In what time does the Georgian planet revolve 
rouifd the aim, and at what rate per hour does it travel i 

4. What is the comparative magnitude between the 
Georgian planet and the earth i 

5. How manj satellites belong to the Georgian ? 

6. By whom were the satellites of the • Georgian dis* 
Goveredi and in what order do they perform their revo-> 
lotions round the planet ? page 151. 

N. B. The tutor may extend theu quesHont to Ckap. F, VI, TIT, 
JX, and X. Part J. and to Chap. Ih Part II ; alto to lAe mmmer ^ 
tjplvmg the d^ererU problem^ tU. 
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nor L jltituqcs and 
CHAPTER III. 



A Tabh of the LtdUudes and Longitudes of some of 
the Principal places in the Worlds withthe Uountries 
in wkitekAeyaresUuated^N. B^ The Longitudes 
are reckoned from Qremwich Observatnary. 

. ^' 
Namet efPkieu, Comiry or 8tu, 



K * 



Abbeville 

Aberdeea 

Abo 

Aeapalco 

Achen 

Adrianople 

AdveQtitn Btj 

IT 

Aix 

Akeman 

AMerney !• 

Aleppo 

AlexandretU 

AlexandrUi 

Algien 

Alicant 

Amboynal. 



ABsierdhua 
. AauterdamL 



Fnnee 

Seotland 

Swedea 

Mexico 

Saouitra I. 

Turkey 

New Holland 

Hindoottan 

Scotland 

France 

Turkey 

Sngliih Gtannel 



ot« Andrews 

Angers 

Attgooleme 

Angra 

Annapolie 

Antitebes 

Antwerp 

Archaasel 

Amu I. 

Aflcension L 

Aitracan 

Atheni 

Bt Augitttilne 

Si. Augustine 

Cape Si. Angttitine 

Cape Atu 

Avignon 
Avrencbes 



Syria 

Afnca 

Spain 

Moluccas 

France 

Holland 

Phcilic Ocean 

Italy 

Scotland 

France 

France 

Teroera Anore I* 

Nova Scotia 

France 

Netberiands 

Russia 

Scotland 

S. Atlantic 

Russia 

Tttrkey 

Madagascar I» 

East Florida 

BraiU 



B. 



IStraiU 
Babyktt (AneieBt) 



Japan 

France 

France 

Bed Sea 

Syria 



LatUuiet. 

50 7 N. 
57 9 N. 
60 27 N. 
17 10 N. 

5 22 N. 
4i 10 N. 

45 2S S. 
26 43 N. 

54 25 N. 
43 32 N. 

46 25 N. 
49 48 

35 45 

36 35 
31 13 
36 49 
38 21 

425 
49 53 
52 23 
21 9 & 
43 38 N, 
66 21 

47 28 

45 39 
38 39 
U52 
43 35 

51 13 
64 34 Nc 

55 39 N. 

7 56 S. 

46 21 N. 
38 5 N. 
23 35S. 
30 10 N. 

8 48 
21 30 
34 45 
43 5r 

48 41 



N, 
N. 
N. 
N. 
N. 
N. 
N. 



& 

N. 

N. 

N. 

N. 



LmgUudet, 

e / 

1 49 E. 

2 28 W. 

22 ISE. 
101 45 W. 

95 40 B. 

26 30 E. 
147 30 E. 

76 44 E. 

4 26 W. 

5 26 E. 
30 E. 

2 15 W. 

37 20E. 
36 U E. 
29 55 E. 

2 13E. 

30 If* 

127 20 E. 

2 18 E. 

4 51 E. 
174 46 W 

i3 30E. 
249 W 
033 
9 

27 12 
64 5 

7 7 
423 

38 58 

5 12 W. 
14 21 W. 
48 8 E. 

23 52E. 
43 8 E. 
81 34 W. 
35 5 W. 
96 E. 

140 55 & 
4 48 E. 
122 If. 



W. 
W. 
K- 
E. 
E. 



12 50 N. 43 45 E. 
30 N. U 46 E. 
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JSitmiufPlatet, 



Counirjf or Sta, 



Budat Sjrria 

Balaaore .^ JundoMUa 

Baltimora Irdand 

Banca I. (South End) IimIUui Ocean 
Bandit I. Indian Ocean 

Banff Scotland 

Batati^ Bay Ireland 

B^rtmdoe. L (Bridge-^j^^ ^ 

Barcelona 
Beiiil 

BanM Terre 
Bartia 
BataVia ' 
Bayonne 

BuraolraorBaMora 
Beachy Head 



Belfart 

Belgrade 

Bencoolea 

Bergen 

Berwick 

Besancon 

Bilboa 

Blanco (Cape) 

Biois 

Bologna 

BomtmyL 

Bolton 

Botany Bay 

Boulogne 

Boarbon L 

Boardeanx 

Bremen 

Breilaw 

Brett 

Bridlington 

Brightbelmstonn 

Briftol 

Branswiek 

Bratwls 

Boocoretti 

Bade 

Baenoi Ayrei 

Baigof 

Cadbsor Calec 
Caen 

Cagliari 

Cairo 

Calaif 

Calcntta 

Calmer 

Cambray 



8|Miln 

Switaerland 

Oaadalonpe 

Conica 

JavaL 

France 

Turkey 

Sumtx 

Ireland 

Turkey 

fiamatraL 

Blorway 

Upon Tweed 

France 

5aln 
frica 
France 
Italy 
India 
America 
Hew Holland 
France 
Indian Ocean 
France 
Oennany 
Silesia 
France 
Yorkshire 
Sussex 
England 
Cfrermany 
Netherlandt 
Turl^ey 
Hungary 
8./knieriea 

^ c. 

Spain 

rrance 

Sardinia L 

ggypt 

France 

Beneal 

Sweden 

netl»erkaidl 



o / 
SS90 N. 
ti fO N. 
51 16 

5 15 

4 50 
57 41 

13 



N. 
8. 
N. 
N, 
N. 



41 tS N. 
4T55 N. 
15 59 N. 
4S 4ft N. 
6 11 8. 
43 29 N. 
aO 45 N. 
50 U N. 

54 43 N. 
45 N. 

3 49 S. 
€0 24 N. 

55 47 N. 
47 14 N. 

43 26 N. 
20 55 N- 

47 35 N. 

44 29 N. 
18 57 N. 
4S25 N. 
31 S. 

50 43 N. 
20 52S. 
U50 N. 
!^S 5 N. 

51 3 N. 

48 23 N. 
54 7 N. 

50 50 N- 

51 28 N. 

52 30 N. 
50 51 N. 
U27 N. 
4t 40 N. 
34 35 8. 
4je20 N. 

36 31 N. 

49 11 N. 
39 25 N. 
30 3 N. 

50 57 N. 
22 35 N. 
56 40 N. 
50 10 N. 



Longihida. 

/ 

U24E. 

86 OiB. 

9 30 If. 
107 10 B. 
127 25 fi. 

2 31 W. 

10 10 W. 

59 50 W. 

2 11B. 

729 B. 

61 54 W. 

9 25 E. 

106 52 B. 

1 30 W. 
47 OB. 

2PB. 
5 57 W. 

21 30 B. 
102 10 B. 

5 20 B. 

2 5 W» 

6 3 £. 

3 23 W. 
17 10 W. 

120B. 

11 21 B. 
72 38B. 
70 37 Wr 

151 23E. 

1 37 B. 
55 30 B. 

35 W. 

8 49 E. 
17 9 B. 

4*29 vr. 

1 W* 
5 W. 

2 35 W, 
10 24B. 

4 22B. 
26 8 B. 
19 20 B. 
58 31 W. 

3 30 W. 

6 12 W. 

22 tr. 

9 38 B. 
31 21 JL 

1 51 E. 
88 29 B. 
16 22B. 

3 13 1%, 
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THE LAtitujjBS ANI> 



Namei ifPUiea. CowUry or Sea. 



Cambridgo 


England 


Canary I. (N.E. point) AUantie 


Candia 


Candy I. 


Canterbury 


England 


Canton 


China . 


Carlneroon 


Sweden 


Carthagenn 
Carthagena 


Spain 
Terra Finna 


Canel 


Germany 


Cavan 


Ireland 


Cayenne 


I. of Cayenne 




HindoosUn 


Chartrei 


France 


Cherboargh 


France 




Norway 


Cbrifltmas Sodnd 


Terra del Fnego 


6t. Chriitophei'i I. 


Carlbb. Sea 


Civiu Vecohia 


Italy 


Clermont 


France . 


Cochin 


India 


Colmar 


France 


Cologne 


Germany 


Comorin (Cape) 


India 


ConAantinople 


Turkey 


Copenhagen 


Denmark 


Cork 


Ireland 


Corvo 


Azores 


Cotttanees' 


France 


Cnoow 


Poland 


Cromartie 


Scotiand 


St. Crqz I. 


Atlantic Ocean 


Cnsco 


Peru 




D. 


Banteie 


Poland 


Bardandlefl's Straitt 


Turkey 


Dartmouth 


England 


Delhi 


Hindooston 


Deseadal. 


Caribb. Sea • 


St. Dennis 


Isle Bourbon 


Dieppe 


France 


Ding e Bay 


Ireland 


St Domingo 


Caribb Sea 


Dort 


United Provinces 


Douglass 


Isle of Man 


Dover 


England 


Drontheim 


Norway 


Dublin 


Ireland 


Dunoar 




Dundee 


ScoUtnd 


J^garvori 


Ireland 


DungenesB 


England 


Dunkirk 


France 


Durham 


England 
1\irkey 


DurazKO 



N. 
N. 
N. 
N. 
N. 



LatUudei* 

e f 

89, U N. 
28 iS N. 
85 19 
51 1ft 
Cd 8 

56 90 
37 37 
10 27 N. 
51 19 N. 

54 52 N. 
i 56 N. 

22 51 N. 

48 97 N. 

49 38 N. 
59 55 N. 

55 t2 
17 15 
42 5 
45 47 

9 33 

48 5 

50 55 
T 56 

41 1 
55 41 

51 54 
39 42 

49 1 
49 59 

57 43 
17 49 
13 25 



S. 

N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 

N. 
N. 
N. 
N. 
S. 



N. 
N. 
S. 
N. 
N. 
N. 



54 22 N. 

40 10 N. 

50 21 N. 
28 37 
16 36 
20 52 

49 45 

51 55 
18 20 
51 47 N. 
54 7 N. 

51 8 N, 
63 26 N. 

53 21 N. 
56 1 N. 
56 28 N. 

52 N. 

50 52 N. 

51 2N. 

54 U N. 

41 58 N. 



IjongUudts* 

4 B. 
15 39 W. 

25 18 E. 

1 5 S. 
113 2 £. 

15 26 £. 

1 8 W. 
75 27 W^. 

9 35 E. 

7 2 W. 

3 4i E. 
88 29 E. 

1 29 E. 

1 37 W, 

10 48 £. 
TO 3 W. 
62 43 W. 

11 44 E. 

3 5 E. 
75 35 E. 

7 22 E. 
6 55 E. 

78 5 E. 
28 54 E. 

12 35 E. 

8 28 W, 
31 6 W. 

1 27 W. 
19 50 E. 

4 9 W. 
64 53 W. 
73 35 W. 

18 34 E. 

26 26 E. 

3 42 W. 
77 40 E. 
61 10 W. 
55 30 E. 

1 4 E. 
10 40 W. 
69 46 Vr. 

4 35 E. 

4 38 vr. 

1 18 £. 

10 22 E. 

6 6 W. 

2 33 W. 
2 58 W, 

7 50 W. 

59 E. 
2 22E. 

1 15 W. 
25 £. 
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Names of Plaeei. 


Country or^Seu. 


Laiiiudes. 


Longiinda* 


East Cape 


New Zealand 


57 h, S. 


174 50 \r. 


Eddystone Light 


England 


50 8 N. 


iU W. 


Edinbursh 


ScoUand 


65 58 N. 


3 12 W. 


Elbiog 


Poland 


54 12 N. 


20 55 £. 


Elflinore 


Benmark 


56 a N. 


12 57 E. 


Embden 


Germany 


53 1« N. 


7 16 £. 


Embrun 


France 


US4 N. 


6 29 K 




Turkey in Asia 


88 N. 


27 55 E« 


Erzenim 


Turkey in Asia 


89 56 N. 


48 55 E. 


Sfwtatia 


Caribb. Sea 


17 SO N. 


65 14 W. 


Evreux 


France 


49 1 N. 


1 9 B. 




England 
Orkney Islindi 


50 U N. 


3 54 W. 


Fair Idaod 


59 SO N. 


146 W. 


Falmouth 


England 


50 8 N. 


5 2 W. 


False Bay 


Cape of Good Hop* 


34 10 S. 


18 53 £. 


Farewell (Cape) 


Greenland 


59 SO N. 


42 42 W. 


Fayal Town 


Asore Islands 


S8 3« N. 


28 41 vr. 


Fern Island 


Englwid 


55 S8 N. 


I a W. 


Ferrara 


Italy 


U50 N. 


11 56 E.. 


Fcrro Island (Town 


) Canary Isles 


«7 47 N. 


17 46 W. 


Ferrol 


Spain 


4S29 N. 


8 15" W, 


Finisterre (Cape) 
Flamborough Head 


Spain 


4t 52 N. 


9 17 W. 


England 


54 11 N. 


19 £. 


Florence 


Itay 


4S46 N. 


11 2 E. 


Flores 


Asore Islan4f 


39 54 N. 


51 W. 


Florida (Cape) 


6. America 


S5 47 N. 


80 55 W, 


FluBhing 


United Pror. 


51 27 N. 


5 55 E. 


N. Foreland 


ioiKkind 


5125 N. 


1 28 E. 


ForUventura,W.polnt Canary Islef 


2g 4 E. 


14 51 W. 


Fortrose 


Scotland 


57 40 N. 


4 7 W. 


Foulness 


England 
Indian Ocean 


52 57 N. 


55 B. 


France (Ue oQ 


20 27 8. 


57 16 E. 


Francois (Cape) 


St. Domingo 


19 46 N. 


72 18 W. 


Frankfort (on the 
Main) 


Germany 


49 55 N. 


8 55 £. 


Funchal 


I. of Madeira 


52 58 N. 


17 6W. 


Furneaux Island 


Society Isles 

G. 

France 


17 11 S. 


145 7 \r. 


Gap 


USS N. 


6 5 Et 


Galway 


Ireland 


«5 10 N. 


10 1 W, 


Geneva 


Switserland 


46 12 N. 


6 £. 


Genoa 


ttaly 


U25 N. 


8 56 £. 


St. George (Town) 
Fort St. George 


Bermudas I. 


52 22 N. 


64 55 W. 


Or Madras 


15 5 N. 


80 29 £. 


Ghent 


Netheriands 


51 5 N. 


SUE. 


Gibraltar 


€pain 


56 5 N. 


5 22 W. 


Glasgow 
Goal. 


Scotland 


55 52 N. 


4 15 W. 


Malabar Coast 


15 51 N. 


75 45 E. 


Gomera I. 


Canary Isles 


28 6 N. 


17 8 W. 


Good Hope (Cafe) 


Africa 


54 29 S. 


18 25 E. 


Goree t 


Africa 


14 10 N. 


17 25 W. 


Gottenburg 


Sweden 


S7 42 N. 


11 59 E. 


Gottingen (Obstr.) 


Gerauiny 

45 


H 32 V. 


9 53 E. 
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THE LATITUDES AND 



Nlnn» qf Placet. 'Country or Sea, 



Laiiludes. Longitudes. 



GranviUk 

Graciom 

OraveUnes 

Grata 

Gravesend 

Greenwich (obf.)* 

Guadaloupe 

Gneroiey 

Haerlem 

Hague 

HaEfcx 

Hamburgh 

Hanover 

Harwich 

Hatteras (Cape) 

Havre de Grace 

Havaonah 

St Helena (Ji 

Town) 
Hervey's I. 
lia Rogue (Cape) 
Holyhead 
Honi (Cape) 
Hall 

Jackson (Port) 
Jaffa 

Jackntskol 
Janeiro (Rio) 
Ja!«y 

Java Head 
Jeddo . 
Jerusalem 



France 

Asore Islands 
France 
Germany 
England 
England 
Caribb.l. 
English Channel 

H. 

United Prov, 
United Prov. 
Nova Scotia 
Germany 
Germany 
England 
N. America 
France 
Isle of Cuba. 

I AtlaoUc 

Society Ides 
France 
Wales 
6. America 
England 

I. & J. 
New Holland 
Syria 
Siberia 
Brazil 
Turkey 
I. of Java 
I. of Japan 
Syria 



Jersey Isle (St. Aobins) Eng Channel 

Ingolstadt ^ 

Inverness . 

Joanneh 

St. John's 

St. Joseph's 

Islamabad 

Ispahan 

Jodda, or Gidda 

St. Julian (PoH) 

Juan Fernandei 



Kamtschatka 
St Kilda * 
Kinsale 
Kiow 
Kola ' 
Konsingsberg 



Germany 

Scotland 

Comora Ides 

Newfoundland 

California 

Hlndoostan 

Persia 

Arabia 

Patagonia 

Pacific Ocean 

K. 

Siberia 

Hebrides 

Ireland 

Russia 

Lapland 

Prussia 



48 50 N. 
59 2 N. 

50 59 
47* 4 

51 28 N. 
51 29 N. 
15 59 N. 

49 do N. 



N. 
N. 



52 22 
52 4 
U46 
5d34 
52 22 
52 11 
S5 12 N. 
49 29 N. 
2d 12 N. 

15 55 S. 



19 17 


8. 


49 45 N. 


5d2d 


N. 


55 58 


• S. 


5d 48 N. 


53 '52 


S. 


52 5 N. 


62 1 N. 


22 54 


. 8. 


47 8 


N. 


6 49 


S. 


56 ON. 


51 46 


N. 


49 15 


N. 


4« 46 


N. 


57 56 


N. 


12 5 


N. 


47 52 


N. 


25 4 


N. 


22 20 


N. 


52 52 


N. 


21 29 


N. 


49 10 


N. 


55 45 


N. 


56 20 N. 


57 47 


N. 


51 52 


N. 


50 27 


N. 


68 52 


N- 


54 43 


N, 



1 57 
27 58 

2 7 
15 26 

20 



61 59 



w. 

E. 
E- 
W. 



2 52 W.> 



N. 
N. 
N. 
N. 
N. 
N. 



4 56 
4 17 

65 27 
9 55 
9 48 
1 15 

76 5 
6 

82 18 



E. 
£. 
W. 

E. 
E. 
E. 
W. 
E. 



5 49 W. 



158 48 

1 57 
4 45 

67 26 
055 

151 19 
55 10 

129 48 
42 44 
27 50 

105 14 

159 40 
55 20 

2 12 
11 22 

4 15 
45 40 
52 26 
109 42 
91 45 
52 50 
59 22 

68 U 
78 57 



W. 
W. 

w. 
w. 
w. 

E. 

E. 

E. 
W. 

£. 

£. 

E. 

E. 
W. 

E. 
W. 

E. 
W. 
W. 

£. 

£. 

E. 
W. 
W. 



165 E. 

8 40 Wv 

8 50 W. 

50 27 £. 

55 1 £. 

21 55 £. 



I40NGITUDE6 OF PLACES. 
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J^ames ofPlaces» 



Country or Sea. Latitudes. " Loi^udes* 



liadrone (I. Guam^ 
Landau 

IJa8^a 

LandMsroon 
Land's End 
' Lau>anne 
Leeds 
Leghorn 
Leith 
Leipsic 
Leyden 

Lerwick, or Leerwick 
Liege 
Lima 
Limerick 
Limoges 
Linta 
Lisle 
Lisbon 
Liverpool 
Lizard 

London (St. Paul's) 
Louisburgti 
Louvain 
Si. Lucia 
Lunden 
Luneville , 
Luxembourg 
Lynn 
Lyons 

Macao 

Macassar 

Madeira I. (Funchal) 

Madras 

Madrid 

Mahon (Port) 

Majorca L 

Malacca 

M alines, or Mechlin 

St. Malo 

Malta 

Mar ilia 

Marigalante L 

Marseilles 

Martinico 

Mayence, or Mentz 

MayoL 

Mecca 

Mexico 

Mifan 

Minorca 

Mocha 



L. - 

Pacific Ocean 

France 

Thibet 

Sweden 

England 

Switzerland 

Bngland 

Italy 

Scutland 

Oermadr 

United Prov. 

Shetland Isles 

Netherlands 

Peru 

Ireland 

France 

Germany 

Netherlands 

Portugal 

England 

England 

England 

I. of Cape Breton 

Netherlands 

Caribb. Sea 

Sweden 

France 

Netherlands 

England 

France 

M. 

China 

I. of Celebes 

Atlantic 

India 

Spain 

Minorca 

Mediterran^n 

India 

Netherlands 

France 

Mediterranean 

Phillippine Island 

Caribb. Sea 

France 

Caribb. Sea 

Germany 

Cape Verd Is. . 

Arabia 

America 

Itely 

Mediterranean 

Arabia 



IS 10 N. 

49 11 N. 

50 12 N. 

55 52 N. 

50 4 N. 
46 31 N. 
53 4S N. 
45 d3 N. 

56 N. 

51 19 N. 

52 8 N. 
60 13 N. 
50 S7 N. 

12 1 S. 

52 22 N. 
45 50 N. 

48 16 N. 

50 S8 N, 
38 40 N. 

53 24 N. 

49 57 N. 

51 31 N. 
45 54 N. 

50 55 N. 

13 24 K. 
55-42 N, 

48 35 N. 

49 37 N. 

52 45 N. 
45 46 N. 



22 13 N. 

5 9 S. 
32 38 
IS 5 
40 25 
39 51 
39 35 

2 12 
51 2 

48 39 
35 54 

14 36 

15 55 
43 18 

14 44 

49 54 

15 10 
21 40 
19 26 
45 28 
39 51 
1^ 44 



N. 
N. 
N. 
N. 
N, 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 



143 15 

9 7 

91 20 

12 50 

5 41 

6 45 
134 

10 16 

3 11 

12 20 

4 28 

55 

5 35 
76 49 

9 53 

1 16 

13 57 
3 4 
9 10 

3 12 

5 11 
6 

59 54 

4 U 

60 51 

13 2 

6 30 
6 12 
23 
4 48 

113 46 

119 49 
17 6 
80 29 

3 12 

3 48 
230 

102 5 

4 29 

2 2 

14 28 

120 53 

61 11 

5 22 
61 21 
'8 20 



23 
41 

loe 

9 



3 54 

44 4 



£. 
E.. 
£. 
£. 
W. 
£. 
W. 
£. 
£. 
£. 
£. 
W. 
£. 
W. 
W. 
E. 
E. 
E. 
W. 
W. 
W. 
W. 
W. 
£. 
W. 
£. 
£. 
E. 
£. 
E.. 

E, 
E. 
W. 
E, 
W. 
£. 
E. 
E. 
E. 
W. 
£. 
E. 
W. 
E. 
W. 
E. 
W. 
E. 
W. 
£. 
E. 
K. 



349 



TRE XiATllVDGft AND 



Noma qr Flam. 


€ofmdry9rSea. 


LatUudet. 

o / 


l4mgUud6$ 
• / 


Hodena 


Italy 


US4 N. 


11 12 


E 


Montpelier 


Prance 


43 37 N. 


3 53 


E. 


M.;ntred 


Canada 


45 50 N. 


73 U 


W. 


VLnt^tOW - 


BusHa 


55 46 N. 


37>^S3 


E. 


liuaicli 


Germany 

N. 

KetherlADds 


48 10 N. 


11 30 


£. 


TCaiBiir 


50 28 N. 


446 


E. 


^aticy 
l«ank)ii 


France 


48 42 N. 


6 10 


B. 


China 


»2 5 N. 


118 46 


S. 


19 antes 


France 


47 IS N. 


1 34 


W. 


19aptet 


Italy 


40 50 N. 


14 17 


B. 


yarboBlie 


France 


43 11 N. 


3 


E. 


>aM 


Korway 


57 58 N. 


7 5 


3 




55 3 N. 


1 30 


\f. 


>iiagarm 


Canada 


43 4 N. 


79 8 


W. 


Nice 


France 


43 42 N. 


7 17 


£. 


Nieupoit 


Flanders 


51 8 N. 


245 


E. 


Mimes 


France 
New Hollaaa 


43 50 N. 


4 19 


E. 


Korfolk L 


29 2 S. 


168 10 


E. 


North Cape 


Lapland 


71 30 N. 


25 57 


E. 


Nuremberg 


Germany 

0. 

Bmsia 


49*27 N. 


11 4 


£. 


Oeksakow 


45 12 N. 


54 10 


E* 


OrhiDd 1. (&end) 


Sweden 


56 15 N. 


IB 35 


E. 


Olerun L 


France 


46 3 N. 


1 25 


W. 


61. Omer 


Netherlands 


50 45 N. 


2 15 


E. 


Oporto 


Portugal 


41 10 N, 


8 27 


W. 


Orbitello 


Italy 


42 32 N. 


12 7 


E. 


OrleaiM (New) 


Ijoulsiana 


29 58 N. 


89 59 


W. 


Orteieal (Dape) 


Spain 


43 46 N. 


7 39 


W. 


Oraaburg I. 


Society Is. 


ir 52 S. 


148 6 


W. 


^siend 


Netherlands 


51 14 N. 


2 56 


K 


O^why'hee (N. end) 


Sandwich Is. 


18 54 N. 


155 45 


W. 


Oxford (obsenr.) 


England 

P. 

Italy 


51 45 N. 


1 15 


W.. 


Pfcdua . 


45 14 N. 


11 52 


E. 


Palermo 


Sicily 


58 10 N. 


13 42 


E. 


Palma I. 


Canary Islands 


28 37 N. 


17 50 


W. 


Panama 


Mexico 


8 48 N. 


80 21 


W. 


Pari! (obsenr.) 


Frapce 


48 50 N. 


220 


£. 


Pegu 


India 


17 N. 


96 58 


E« 


Pekin 


China 


89 54 N. 


116 ft 


B, 


Kriguenx 


France 


45 11 N. 


43 


E. 


Perpignao 


France 


42 42 N. 


2 54 


E. 


Peterhead 


Scotland 


57 32 N. 


1 46 


vr. 


Petersburg 


Russia 


59 56 N. 


30 19 


£. 


PhiladelpbU 


America 


39 57 N- 


75 13 


w. 


Plcol. 


Asore Is. 


58 29 N. 


28 26 


w. 


Piw 


Italy 


43 43 N. 


10 25 


^ 


Plymouth 


England 


50 22 N; 


4 16 


w. 


Poitiers 


France 


46S5 N. 


21 


E, 


Pondicberry 


India 


11 42 N. 


79 55 


E. 


Port Glasgow 


Scotland 


i55 56 N. 


458 


W. 


r4>rU«nd(lighti|oii8e) 


£agl«i4 


90 31 N. 


2 27 


W, 



LOMOITUDBS OF VLA.CES. 



350 



JNumes rfPtaet»» 

Porto Bello 

Port Hoyal 

Portsmouth 

Prague 

Piesbnrg 

Providence 

Ctuebec 
^iieda 
^uiitiper 
St. Ctiiintin 
€tuiro8 (Cape> 
Cluito ' 

Raniliead 

Ramsby 

Ram«§;ate 

Ra Vienna 

it ennes 

Rhetms 

Rfaodefl (I. of) 

Rhode Island 

Riga 

Rocbelle 

Rochester 

Rome 

Rofhaay 

Rotterdam 

Rouen 

Rugen L 

Bye 

■Saleroo 

Salisbury 

SallL 

Salie 

Samana 

Bamarcand 

Samasl. 

iStnta Craz 

Sandwich 

Airatov 

Savannah ' 

Scanderoon 

Searborough 

Scaw Li|i;ht 

Sehefling I. 

Scbiraua 

Scilly Isles 

Sen an 

Senegal 

6iain. 

Smyrna • 

Ibutbampton 



Country or Sou 

America 
Jamaica 
England 
Bohemia 
Hungary 
' America 

a. 

Canada 

Malacca 

France 

France 

^ew Hebridet 

Peru 

Cornwall 

Isle of Man 

Bngland 

Italy 

France 

France 

Archipelago 

America 

Russia 

France 

F)ngland 

Italy* 

Isle of Bute 

United Provinces 

France 

Baltic 

England 

Italy 

England 

Cape Verd Is. 

IVIorocoo 

St. I>omingo 

W. Tartary 

Archipelago 

Teneriffe 

England 

Russia 

N. America 

Syria 

Bngland 

Denmark 

United Prov. 

Cap. of Persia 

Bnglish Channel 

France ^ 

Africa 

India 

I^atolia 

England 



Laiiiudei. LotigUvdes. 



9 33 N. 
18 N. 
50 47 N. 
50 5 N. 

48 8 N. 
41 51 N. 

46 55 N. 
6 15 N. 

47 58. N/ 

49 51 N. 
14 56 S. 

13 S. 



50 19 


N. 


54 17 N. 


51 20 N. 


44^5 


N. 


48 7 


N. 


49 15 


N. 


35 27 


N. 


41 28 


JS. 


57 5 N. 


46 9 


N. 


51 26 


N. 


41 54 


N. 


55 50 N. 


51 56 


N. 


49 27 


N. 


54 42 


N. 


50 55 


N. 


40 S9 


N. 


51 4 


N. 


16 38 


N. 


24 10 N. 


19 li 


N. 


39 45 


N. 


37 46 


N. 


28 27 


N. 


51 19 


N. 


51 30 


N. 


82 3 


N. 


36 55 


N. 


54 21 


N. 


57 44 


N. 


53 17 


N. 


29 40 


N. 


49 56 


N. 


49 42 


N. 


15 5S 


N. 


14 18 


N- 


38 28 


N. 


50 55 


M. 



79 50 W, 
76 45 W, 

1 6 
14 24 
17 33 
71 26 



€9 53 

100 12 

4 7 

3 17 

167 20 

77 55 



1148 

1 47 
22 56 

6 43 
69 16 
63 20 
27 13 
16 16 

1 15 
46 
8124 
36 14 

18 
10 37 

5 7 
54 30 

6 46 
4 57 

16 21 

100 50 

27 20 

1 5 



E. 
£. 



E. 
W. 
E. 
£. 
W. 



420 
426 

1 24 

12 

1 42 

4 2 
28 45 
71 80 
25 5 

1 10 

30 
12 29 _ 

5 17 W. 
4 28 £. 

1 5 W. 
14 30 E. 

44 £. 



vr. 

w. 

E. 

E. 

W. 

£. 

E. 

W. 

E 

W. 

E. 

E. 



E. 
W. 
W. 
W. 

E. 
E. 
W. 
E. 
E. 
w. 
E. 
W. 
E. 
E. 
E- 
W. 
E. 
Mr. 
E. 
£. 
W. 



^^1 _J 



JZr/.'/V. 




A','.''/ :r .r.'ft?/' . 



^.*-. 



ptJ 



27ic BdTffi^'the TZA 



rjatrMdzA'TUJuvm the 




f 



^■' ,' 



1 



/ry 



1 






iA 



I I I I lium i..qi pi 



^i 






s. 











i 



p»^ 




'%. 






^iW^MH^'^P^ 



H- • • 






2r\it 



r 




4 




